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Introduction
The main physics goal of the BABAR experiment is to establish    -violation in  mesons and to test whether
the observed effects are consistent with the predictions of the Standard Model (SM). In this model    -
violating effects are predicted from the CKM matrix of the couplings of the charged weak current to quarks.
A precise determination of the absolute value of the least known matrix element  	 will significantly
enhance the constraints on the unitarity of the CKM matrix and thus to test the consistency with the minimal
SM.
The extraction of  	 is a challenge both for theory and experiment. Experimentally, the main problem is
the separation of    decays from the more likely      decays. Selection criteria applied to achieve
this separation generally make the theoretical extrapolation to the full decay rate more difficult.
Theoretically, inclusive semi-leptonic rates can be calculated reliably at the parton level. However, meson
decays processes depend on the  quark mass and its motion inside the  meson. Calculations of the decay
rate in terms of  	 rely on operator product expansions (OPE) in inverse powers of the  quark mass and
thus depend on the choice of renormalization scale and include non-perturbative contributions.
The four LEP experiments [40] exploited the kinematic differences between charm and charmless semilep-
tonic decays to discriminate   
 events against the      contamination. The recent CLEO
measurement [34] is based on the inclusive lepton momentum spectrum beyond the kinematic endpoint
for      transitions. By combining this measurement with the photon energy spectrum in   the
authors largely eliminate the very large theoretical uncertainty due to non-perturbative effects that impact
both of these spectra in a very similar way (    transitions, where  indicates a light quark,  or  ).
In addition, exclusive       and      have also been observed and measured [30, 33]. The
determination of  	 from these decays has also significant theoretical uncertainties.
The analysis presented here is based on the reconstruction of the invariant mass   of the hadronic system
recoiling against the charged lepton and the neutrino in    	ﬀ  . The large      can be mostly
removed by applying a simple cut below the  mass. This approach is challenging from the experimental
point of view since the large      background can contaminate the signal region  
	 
 due to
experimental resolution. In order to reduce systematic effects caused by this feature a good   resolution
is needed and the background rejection has to be achieved using several other variables.
The extraction of  	,# from the invariant mass   has recently been the subject of new theoretical
calculations [19, 23]. The low mass region  	 
 contains approximately 70%-80% of the total
8charmless semileptonic decays. Here 
  is the mass of the lightest charm meson. Because such a large
fraction of the total rate is contained in this region, the theoretical uncertainties in the extraction of the total
branching ratio and 
	& are much reduced.
The new technique presented here is based on events that are tagged by a fully reconstructed hadronic decay
of one of the two  mesons in the event. This reconstruction not only allows for the measurement of the 
momentum, and thus a transformation to the rest frame of the recoiling  meson, it also results in a very
clean sample of   events, determines the flavor of the reconstructed  meson and allows to measure  	
on 

and   separately. In general it assures a purity and a resolution on the   variable better than in
any previous measurement and, as a consequence, lower experimental systematic uncertainties.
A semi-leptonic decay of the recoil  meson is identified by the presence of a charged lepton. In addition, the
detection of missing energy and momentum in the event is taken as evidence for the presence of a neutrino.
While the idea to isolate    	*  transition in the low mass region   	 
 is conceptually simple,
the measurement of   is not trivial. Undetected particles and mis-measurement of detected particles
distort the measured mass distribution and lead to a large background from the dominant     decays.
To improve the resolution in the measurement of   this analysis exploits the kinematic constraints of the
  state and uses the measured momenta and energies of all particles in a kinematic fit to the whole event.
With the additional constraint that the missing particle should have zero mass the hadronic mass   is
determined, largely independent of the unfitted missing mass of the event.
To extract the number of leptons from     transitions the data are divided into two different subsamples,
one that is enriched in  transitions by a veto on the presence of kaons in the recoil system, and one that
is enriched in    transitions by requiring the detection of a charged or neutral kaon. The latter sample
is studied in detail to make sure that the MC reproduces this background accurately, so that the background
in the    enriched sample, in the signal region of low   , can be obtained by extrapolation from the
  dominated region at large   .
DANIELE DEL RE
1Matrix and Semileptonic   Decays
1.1 Standard Model and the Cabibbo-Kobayashi-Maskawa matrix
The Standard Model (SM) [1] is a       	 
	   
 gauge symmetry that describes the Strong and
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space and 9 is the unit matrix operating in
generation (flavor) space. This unit matrix is written explicitly to make the transformation to mass eigenbasis
clearer. The interactions of quarks with the single Higgs scalar doublet ?   	

ﬀ of the Standard Model
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10    Matrix and Semileptonic  Decays
where now 
npoBqr




are complex. This transformation changes the
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As such, it generally depends on nine parameters: three can be chosen as real angles (like the Cabibbo
angle) and six are phases. However, the number of phases in  can be reduced by a transformation that
eliminates five out of the six independent phases from

 ; thus  has one irremovable phase. This phase is
called the Kobayashi-Maskawa phase [3], 
	 Y . The irremovable phase in the CKM matrix allows possible
   violation.
The measurement of the elements of the CKM matrix is fundamental to test the validity of the Standard
Model. Many of them (actually the first two rows of the matrix) are measured directly, namely by tree-level
processes. Using unitarity relations one can put constraints on the top mixings  
2
 . Moreover the  mixing
measurements, that involve box diagrams, can give information also about   i and    .



















































is small, and for each element in  , the expansion parameter is actually 

.
The Wolfenstein parametrization offers a transparent geometrical representation of the structure of the CKM
matrix. The unitarity of the matrix implies various relations among its elements. A full list of these relations


























































Each of these three relations requires the sum of three complex quantities to vanish and so can be geometri-
cally represented in the complex plane as a triangle. These are “the unitarity triangles”. If the CP symmetry
is violated the area of the triangles is not zero. The  physics is related to the third triangle and it represents
the most exciting physics of CP violation. The openness of this triangle, due to the fact that all the three
sides are of the same order of magnitude, predicts large CP asymmetries.
It should be remarked that the Wolfenstein parametrization is an approximation and the neglecting ﬃ   

terms could be wrong in particular processes. An improved approximated parametrization of the original
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Figure 1-1. The rescaled Unitarity Triangle, all sides divided by      .






























































































































































is real, and (b) dividing the lengths of all sides by   i 
 
 ; (a) aligns one side of the triangle
with the real axis, and (b) makes the length of this side 1. The form of the triangle is unchanged. Two
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12    Matrix and Semileptonic  Decays
vertices of the rescaled Unitarity Triangle are thus fixed at (0,0) and (1,0). The coordinates of the remaining
vertex are denoted by    

.
This triangle is very important in  Physics. Both angles and sides can be measured in a  factory and they
can offer an indipendent test of the Standard Model. The incompatibility of the new measurements with a
triangle would be a probe of new Physics.
1.2 Inclusive semileptonic B decays and Heavy Quark Expansion
Semileptonic decays, due to their semplicity, provide an excellent laboratory in which to measure  	& and
 & . These processes also allow us to study the effects of non-perturbative QCD interactions on weak-
decay process. These goals may sound contradictory since complicated hadronic effects are present. The
strong interactions are difficult to be calculated but, in semileptonic decays, they are isolated to the hadronic
current. As a consequence the effect of the strong interactions can be rigorosly parametrized in terms of
a small number of form factors, which are function of the Lorentz-invariant quantity   , the square of the
mass of the virtual
=
.
The situation for measuring 
	& and  # is very different. For the   & determination the large masses
of both the  and the  provide the key to reliable theoretical predictions based on heavy-quark effective
theory (HQET) for exclusive decays and heavy-quark expansion for inclusive decays allows us to calculate
the form factors, in particular in the zero-recoil situation, in which both the  and the  mass are infinite. On
the other hand significant challenges in understanding the semileptonic decays remain in the   ﬂ  case
and where still large uncertainties are present. Due to the smalll value of the 
'
quark mass, the zero-recoil
configuration does not provide a solid normalization point. Furthermore, the small mass of the daughter
meson results on a large accessible range in 

, over which there can be considerable variation of the form
factors.
In the inclusive approach to semileptonic decays, one considers the sum over all possible final-state hadrons,
ignoring the detailed breakdown among the individual decay modes that contribute to the semileptonic rate.
Theoretical calculation of inclusive properties have certain advantages of simplicity since calculations in
which the heavy quark is assumed to decay as a free particle (with the light quark acting merely as a
spectator) provide a good starting point for predictions.
1.2.1 Heavy quark expansion (HQE)
Effective field theories derive their predictive power by exploiting systematically a small expansion pa-
rameter and they are based on the idea that in a given process, only certain degrees of freedom may be
important for understanding the physics. In particular, it is often the case that kinematical considerations
which restrict the momenta of external particles effectively restrict the momenta of virtual particles as well.
Thus it is sensible to remove from the theory intermediate states of high virtuality. Their absence may be
compensated by introducing new “effective” interactions between the degrees of freedom which remain.
Effective field theories are often constructed using the technique of the Operator Product Expansion (OPE),
which provides an elegant and general conceptual framework.
DANIELE DEL RE
1.2 Inclusive semileptonic B decays and Heavy Quark Expansion 13
HQE is an effective field theory which is derived from a formal limit of QCD in which the theory exhibits
new and useful symmetries. The limit is 
   
    , where a “spin-flavor” symmetry yields a variety of
predictions for heavy hadron spectroscopy and semileptonic decays. This is a very powerful tool where it
may be applied but it is restricted to a small number of processes involving certain initial and final states.
For inclusive weak decays, some exclusive semileptonic decays, and some static properties, effective field
theories give controlled theoretical predictions.
The HQE is analogous to the OPE. In the latter case, physics at higher scales is accounted for in QCD





. HQE is characterized by virtualities  
 
and below. Although 
  
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. Hence one seeks a technique analogous to the OPE by which to exploit the presence
of such small parameters.
The status of the  quark in a  meson is different from that of a virtual
=
in a weak decay as in the OPE
case, because the  is real, not virtual, and the  carries nonzero  -number which persists in the asymptotic
state. Hence it is not appropriate to integrate out the  in the same sense as the
=
was integrated out,










What can be integrated out is not the  itself, but rather those parts of the  field which take it far off shell.
The result will be an effective theory of a static  quark, in its rest frame.
Processes with hard virtual gluons, which drive the  far off shell, will lead to perturbative corrections in the
effective theory of order    
 

. They may be included as before. In addition, power corrections appear.
In this case, it will be necessary to include the leading higher-dimension operators to achieve results of the












serves as a reminder that these corrections involve nonperturbative physics, and will typically
not be calculable from first principles and the inclusion of power corrections will require the introduction of
new phenomenological parameters, whose values are controlled by nonperturbative QCD.
1.2.2 Duality and inclusive semileptonic decays
Inclusive decay rates determine the probability for the decay of a particle into the sum of all possible final
states with a given set of global quantum numbers. From a theoretical point of view, inclusive decays of
hadrons containing a heavy quark offer two advantages [7, 8]. First, bound-state effects related to the initial
state (such as the “Fermi motion” of the heavy quark inside the hadron [9, 10]) can be accounted for in a
systematic way using the heavy-quark expansion. Secondly since the energy released into the final state by
the decay of the heavy  quark is large compared to the QCD scale, the final hadronic state need not be
dominated by a few sharp resonances. If resonances are indeed unimportant, then there is a factorization
between the short distance part of the decay (the disappearance of the  quark) and the long distance part
(the eventual hadronization of the decay products). This factorization implies that for sufficiently inclusive
quantities it is enough to consider the short distance part of the process, with the subsequent hadronization
taking place with unit probability. This factorization, known as local parton-hadron duality, is an example
of a crucial assumption which lies outside of the HQE itself. Local duality must hold as 
    with all
other masses held fixed. In this limit, wavelengths associated with the  quark decay are arbitrarily short
and cannot interfere coherently with the hadronization process. On the other hand, it is not known how
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to estimate the size of corrections to local duality for 
 large but finite. There is no analog of the heavy
quark expansion appropriate to this question, and no way to estimate systematically deviations from the
limit 




 in the calculation of inclusive
quantities, the behavior of this expansion does not address directly the issue of violations of duality. The
duality hypothesis, while entirely reasonable for inclusive  decays, is not independently verifiable except
by the direct confrontation of theoretical calculations with the data.
An example is provided by the inclusive semileptonic decay rate of the  meson,        

, where
the final state consists of a lepton–neutrino pair accompanied by any number of hadrons. The assumption
of duality is basically that cross sections and decay rates, which are defined in the physical region (i.e.,
the region of time-like momenta), are calculable in QCD after a “smearing” or “averaging” procedure has
been applied [11]. In semileptonic decays, it is the integration over the lepton and neutrino phase space that
provides a smearing over the invariant hadronic mass of the final state.











Im  c   c 	
 (1.19)




















is the effective weak Lagrangian. The leading contributions to the transition operator are shown
in Fig. 1-2. The large mass of the  quark means that the momenta flowing through the internal propagator
lines are large. It is thus possible to construct an OPE for the two-point function  , in which it is represented
as a series of local operators containing the  -quark fields. The operator with the lowest dimension is

  ;











  . The first operator with a different structure has dimension four and contains the gluon field-strength
tensor. Finally, from dimension four on, a large number of new operators appear. For dimensional reasons,
the matrix elements of these operators are suppressed by inverse powers of the  -quark mass. Thus, any
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 (1.21)
where the prefactor arises from the loop integrations,   are calculable short-distance coefficient functions
(which also contain the relevant CKM matrix elements) depending on the quantum numbers # of the final


























































Figure 1-2. Perturbative contributions to the transition operator  (left), and the corresponding operators in
the operator product expansion (right). The open squares represent a four-fermion interaction of the effective

































 and   parameterize the matrix elements of the heavy-quark kinetic energy and chromomagnetic
interaction inside the  meson, respectively. The same parameters appear in the heavy-quark expansion of











































































 \ \ \
 (1.24)













. The kinetic-energy parameter

 , on the other hand, is given in
terms of a difference of quark masses and cannot be determined from hadron spectroscopy. Various model
approaches have been used to obtain values for   ; however, since   is not a physical quantity, it is hard to




























































 \ \ \" \ (1.25)
The main result of the HQE for inclusive decay rates is the observation that the free quark decay (i.e., the
parton model) provides the first term in a systematic   
 expansion [7]. For dimensional reasons, the
corresponding rate is proportional to the fifth power of the  -quark mass. The nonperturbative corrections,
which arise from bound-state effects inside the  meson, are suppressed by at least two powers of the heavy-









. The absence of first-order power corrections is a
consequence of the equations of motion, as there is no independent gauge-invariant operator of dimension
four that could appear in the operator product expansion. The fact that bound-state effects in inclusive decays
are strongly suppressed explains a posteriori the success of the parton model in describing such processes
[17, 18].
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The general equation 1.25 can describe the inclusive   
 decays. The method to calculate the per-
turbative and non perturbative corrections is described in [19]. Last results in these calculations [19, 20]


























































from the invariant mass of the hadronic system
As shown in the previous section, inclusive charmless semileptonic  decays seem to give an ideal frame-
work to extract  	& and the theoretical error in the ﬂ	& extraction from the total inclusive semiletonic rate
is of the order of   . Unfortunately most of the theoretical uncertainty in an inclusive approach derives
from additional sources with respect to 1.26. In order to isolate a signal enriched region from the large
    background (50 times bigger) a cut on the phase space region is applied. The extrapolation to the
full phase space may introduce very large uncertainties and model dependence. In the past, the traditional




 decays, applying a lower cut on  to eliminate the background from      transitions.
This cut implies that only a very narrow window 	      MeV is left, and in order to extract  	 a
large extrapolation is unavoidable. This makes this method a very sensitive to model uncertainties. A more
reliable extraction of 
	& must exploit better discriminators between  ﬁ and    transitions with a cut
on the hadronic invariant mass of the final state [22, 23]. The calculation of the fraction of events surviving
such a cut is more reliable than in the case of a cut on the charged-lepton energy. Despite significant
experimental difficulties, this strategy appears to be more attractive than the conventional method. It might
lead to a precise determination of ﬂ	 with controlled theoretical uncertainties.
An obvious advantage of extracting ﬂ	 from a measurement of the hadronic invariant mass spectrum in
the region below the charm threshold rather than from the endpoint region of the charged-lepton energy
spectrum is that most of the    	   decays are expected to have hadronic invariant mass   below

 , while only a small fraction of these decays have lepton energies in the endpoint region. Both the
invariant mass region below the charm threshold and the endpoint region of the lepton spectrum receive
contributions from hadronic final states with invariant masses that range up to 
  . However, for the electron
endpoint region the contribution of states with mass near 
  is kinematically suppressed. In fact, models
suggest that the electron endpoint region is dominated by contributions from the   and  states. On the
other hand, many final states contribute to the hadronic invariant mass spectrum below the charm threshold,
without any preferential weighting towards the lowest-mass states. Consequently, it is much more likely







than in the endpoint region of the lepton spectrum. Note that the    	   decay rate in






is likely to be less sensitive to nonperturbative effects than the rate
in the hadron energy (defined in the  rest frame) region   	 
 , because the requirement   	 

cuts out more of the phase space for states with mass near 
  than for the lower mass states. Thus, from a
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theoretical point of view a cut on the hadronic invariant mass [22, 23, 24] is a better discriminator against
charm background than a cut on hadronic energy [25, 26].
Close to the endpoint of the lepton spectrum, there is a kinematic region where the variable

 (i.e., the
invariant mass in the
=
of the semileptonic decay) becomes small, of order 	 
  
  , whereas a   is still
of order 





are formally all of the same magnitude, and the OPE breaks
down. The way out is to resume these terms using the twist expansion known from deep-inelastic scattering.





[27, 8], a nonperturbative object
analogous to the light-cone distribution functions for the quarks. The shape function gives the distribution





























 is the light cone component of the covariant derivative of QCD, which is defined with the help of

































































are given in terms of the matrix elements of higher-dimensional operators in the HQET. The normalization














that the width of the function is proportional to the heavy-quark kinetic energy. Indeed, the effects accounted








denotes any differential decay rate in the parton model, the corresponding rate corrected for
































  , no model-
independent description of the spectrum could be obtained. There the rate is dominated by single hadron






! is sensitive to nonperturbative effects related to the Fermi motion of the heavy quark
inside the  meson [27, 10]. According to [27], these effects can be taken into account by convoluting






obtained in this way can be compared with experimental data provided these have been averaged over a
sufficiently wide interval to smear out local resonance structures.
In order to extract 





























Unlike the hadronic mass spectrum itself, the function    
q

is an inclusive quantity, which is insensitive






. As long as the threshold  
q
is sufficiently
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Figure 1-3. Theoretical prediction for the fraction ( * ) of + ,.-0/132 events below a threshold 465798
obtained by varying   between 4.7 and 4.9 :<;>= ﬂ@?BA , with fixed CBD and EGF [24]






is mainly sensitive to the value of the  -quark mass and, to a lesser extent, to
the kinetic energy parameter


. A theoretical prediction for this function has been obtained in Ref. [24] by
































with the parameters  
PO





satisfy the relations mentioned
after (1.28). The resulting theoretical uncertainty in the calculation of    
q

, which directly translates
into an uncertainty in the value of ﬂ	 extracted using this approach, strongly depends on the value of the
threshold  
q
. An example is shown in Fig. 1-3, where only 





Three kinds of MonteCarlo simulation were produced for this analysis. The first one is the purely resonant
MonteCarlo, including all the exclusive    	ﬀ  decays, based on the measured values reported in [28]
and on the theoretical expectations. The second one is the pure non-resonant MonteCarlo based on the
inclusive models already mentioned in section 1.3. The last is a proper combination of the two above.
1.4.1 Resonant model for VXWZY 	I[]\
The braching ratios used in the resonant MonteCarlo production are detailed in Tab.1-1 and the shape in the
 variable is shown in Fig. 1-4.
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1.4.2 Non-resonant model for VXWZY 	I[I\
In the non-resonant model the final state hadron is produced with a continuous invariant mass spectrum.
This generator has the advantage that it allows studies of the change in the fraction # 	 as input parameters











as computed by Neubert and De Fazio [27]. The three variables have the following meaning






































where  is the energy of the charged lepton, 	 and 








  . The decay width is calculated up to '  

corrections.
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Mx[GeV]























Figure 1-5 compares the generated parton-level distributions without Fermi motion to analytical functions
for various single differential decay distributions with and without QCD corrections. It is worth noting that

















are not present in the
generator. The singularities reflect the unphysical nature of the parton-level distributions. The differences
vanish once the Fermi motion is implemented and the parton-level variables are replaced with observable
quantities.
The motion of the  quark inside the  meson (Fermi motion) can be incorporated in this formalism by










 is a function of the momentum
(   ) of the  quark inside the  meson and 	 . The functional form of the distribution of   is constrained



















average momentum squared of the  quark in the  meson. The form of the Fermi motion used in the
generator is the one in 1.31 which gives  

 by construction. The normalization is fixed by   and the
parameter
O


















can be chosen as the two parameters of the function.
In practice, a reweighting of the Fermi motion parameter

 was used to allow variations in the choices of
	
and   . The two parameters 
  and O of the Fermi motion are varied to estimate the theoretical uncertainty
due to the change in the fraction # 	 of accepted decays, as described in 6.11.1.
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VUB Generator; no Fermi motion
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Figure 1-5. Parton-level distributions for the generator without Fermi motion. The upper left plot shows
the scaled lepton energy    ﬂ  , the upper right plot the scaled hadron energy 	 
  ﬂﬃ  , the
lower left plot shows the scaled hadron mass squared     A  ﬂ A  and the lower right plot shows the scaled






 . The red lines denote analytical single differential functions with the
same input quantities and the green lines show the tree results without C corrections.
1.4.3 Hybrid model for V WZY 	I[I\
The non-resonant generator cannot produce hadronic final states with masses below 	 
ﬀ and it does not
produce any resonant structure in the hadron mass (e.g. from  , etc.). These limitations are addressed by a
hybrid generator: it uses the set of branching ratios to specific final state hadrons for low-mass final states
listed in Tab.1-1 and supplements these decays with the inclusive approach for higher-mass final states. The




are supplemented with decays from the inclusive generator.
The resonant and non-resonant MonteCarlo are mixed in such a way as the fraction of events below a given
threshold in   is similar to the non-resonant case (except local discontuinty due to the resonant structure)
and this is shown in Fig 1-6. A comparison between hibryd and non-resonant model is finally shown in Fig.
1-7.  model for the     background is also shown. The total branching fractions, including the
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2 events. Left figure shows the amount of the non-
resonant component and its 4   distribution. Right plot compares the fraction of events below the threshold
in 4   for pure non-resonant and hybrid signal MonteCarlo.
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1.5 Existing measurements of
  
In this section a short review of the existing measurement of  	, is presented both for published and
preliminary results, focusing on the experimental aspects of each technique and giving an idea of the
theoretical uncertainties associated to them.
Exclusive determinations: Reconstruction of exclusive   
 channels provides powerful kinematic
constraints for suppression of the      background. For this suppression to be effective, an estimate of
the undetected neutrino must be provided. The measurements should be made using an hermetical detector
and the beam parameters should be well defined.
From a theoretical point of view the measurement needs the calculation of the form factors and the extraction
using lattice calculations give uncertainties in the 15% to 20% range.
There are two exclusive 
	 analyses by the CLEO collaboration: a simultaneous measurement of the 
   and    transitions [29] and a second measurement of     rate [30]. Both measurements















































The first analysis had strict event quality requirements with a resulting low efficiency but a relatively high
signal to background ratio (see Tab.7-1). The second analysis loosened the event cleanliness requirements
with a resulting much higher efficiency but also a higher background that made the analysis more sensitive
to the lepton momentum cut at 2.3 -
 .
, which is near the kinematic endpoint for the    background,
which is therefore highly suppressed. The uncertainties for both the techniques are pretty similar (see
Tab.7-1).
The  factories have recently released two preliminary results of exclusive analyses. Belle produced a
    analysis [32] that is very similar to the original CLEO one. BABAR presented a preliminary result





















Both measurements at  factories show a not yet detailed event cleanup to the level of CLEO. The uncer-
tainties, which are comparable to the original CLEO errors despite the much larger integrated luminosity
(about five times the CLEO one in both Belle and BABAR), reflect this preliminary situation.
The  	, determinations for all these analyses are summarized in Tab 7-1.
Inclusive determinations: the theoretical approach for this technique have been described in details in the
previous sections. Two different methods are used: lepton spectrum endpoint method and methods based on
the usage of different kinematic variables (as for instance   ) or a combination of them.
CLEO has published a measurement [34] based on the lepton endpoint fraction. From an experimental
point of view the systematic uncertainty is due to the motion of the  mesons, initial state radiation and
experimental resolution. In general these uncertainties are small with respect to the theoretical ones that
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Figure 1-8. BABAR result for the endpoint analysis. Left: The electron momentum spectrum in the   
 
rest frame: (top) ON-peak data after continuum subtraction (solid), and MC predicted backgrounds from 





2 as a function of the electron momentum in the   
  rest frame. The data are






are around 15% (Tab. 7-1). The same technique has been presented by the BABAR collaboration [35] on a
small fraction of the available statistics (20 fb
%

out of 83 fb
%
 ). The uncertainties are comparable with
the CLEO ones. The endpoint lepton spectrum for the BABAR result is shown in Fig.1-8.
Methods based on different kinematic variables has been used in the inclusive measurements presented
by the LEP Collaborations. The experimental environment in these measurements is characterized by the
significant  -hadron boost, the containment of its decay products into a narrow jet in the      events.
The ALEPH and OPAL [36, 37] analyses use neural networks that take a large number of kinematic variables
which provide separation between     and  
 decays. The signal is extracted in both cases from
a fit to the neural network output discriminant in a signal ranched region.
L3 [38] applies a sequential-cut analysis, based on the kinematics of the lepton and of the leading hadron in
the same jet for discrimination of the signal events.
The DELPHI analysis [39] performs an inclusive reconstruction of the hadronic mass   and it represents
the most similar method with respect to the one presented in this thesis. The semileptonic B sample is split
into a signal enriched and signal depleted sample, based on the separation between tertiary and secondary
vertices (making use of the finite charm lifetime), and on the presence of tagged kaons in the final state.
The mass of the hadronic system   is used to further subdivide the sample into a  ﬁ
 favored region
(  	  \ + -  . ) and a      dominated one. The signal is extracted from a simultaneous fit to the
number of decays classified according to the four different categories and the distribution of the lepton
energy in the reconstructed  -rest frame.
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2 branching ratio measurement. The   distribution for
the decays in four selected classes: i) signal enriched decays with 4    ﬁ  :<;>= , ii) signal enriched with
4   ﬁ  :<;>= , iii) signal depleted with 4   ﬁ  :<;>= and iv) signal depleted with 4  ﬁ  :<;>= .





2 background and yellow histogram is the other background contribution.
While the approaches of the various LEP analyses differ, they tend to be sensitive to the mass of the hadronic
system in low mass region   	   : DELPHI explicitly so, ALEPH and OPAL implicitly. All the LEP
measurements are characterized by a very poor signal to background ratio (as shown both in Tab.7-1 and in
Fig.1-9) that implies a large experimental systematic uncertainties. As a consequence they are also affected
by the     decays estimate. In Tab.7-1 the combined LEP result is shown.
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Table 1-2. Summary of    G/    measurements by experiment. The method, the signal over background




2 and the systematic uncertainty due to theoretical
uncertainty are given.
Exp. Method S/B  	 [  
%








ALEPH [36] Neural Net 0.07 % \  	 )  \ + + )  \ + 	 )  \       
OPAL [37] Neural Net 0.05 % \   )  \ +  )  \    )  \ %       
DELPHI [39]   0.10 % \ ,+ )  \ +   )  \ % + )  \    	   
L3 [38]   '  Cut 0.22   \ + )  \  )  \  )  \   		   
LEP[31] Average % \   )  \  + )  \ %(% )  \  %  '   
CLEO[34]   endpoint 0.39 % \  	 )  \  % )  \ %(% )  \  +    '   
BABAR[35]   endpoint 0.36 % \ %  )  \ 	  )  \ 	  )  \ +G+    
CLEO[29]    









CLEO[30]   +loose cuts 0.7-2.1  \ 	 )  \    )  \  ('  















BABAR[33]       
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Belle[32]    LCSR Mod. % \   )  \  + )  \  )  \ + + ﬀ




The design of the BABAR detector [41] at PEP-II  Factory is optimized for    violation studies, but it





designed to operate at a center-of-mass energy of 10.58 -
 .






the electron beam of 9.0 -
 .
collides head-on with the positron beam of 3.1 -
 .
resulting in a Lorentz









. This boost makes it possible to reconstruct the decay vertices
of the two  mesons, to determine their relative decay times  , and thus to measure the time dependence
of their decay rates, since, without boost, this distance would be too small to be measured by any vertex










 ). This allows to measure the very small branching ratios that characterize the rare B decays.
Moreover the need for full reconstruction of final states, place stringent requirements on the detector, which
must have excellent reconstruction efficiency for charged particles and a very good momentum resolution
to separate small signals from background. Time dependent CP violation requires also a very good vertex
resolution, both transverse and parallel to the beam direction. In order to tag the flavor of the B and to study
properly the semileptonic decays an efficient electron and muon identification, with low misidentification
probabilities for hadrons is needed. Finally an efficient and accurate identification of the hadrons over a
wide range of momenta is critical not only for the reconstruction of exclusive state but also for the study and
the reconstruction of inclusive quantities like invariant masses.
Fig. 2-1 shows a longitudinal section through the detector center. The detector is installed at the PEP-II




decays, the whole detector
is offset relative to the beam-beam interaction point (IP) by 0.37 J in the direction of the lower energy
beam. The boost, optimized for time dependent CP violation studies, worsen the geometrical acceptance
of the detector. This aspect has to be taken carefully into account once inclusive analyses, sensitive to the
efficiency, are performed.
The inner detector consists of a silicon vertex tracker, a drift chamber, a ring-imaging ﬃ
  #"$ &% '*)+
detector,
and a CsI calorimeter. These detector systems are surrounded by a superconducting solenoid that generates
a field of 1.5 T. The iron flux return is instrumented for muon and neutral hadron detection. The polar angle
coverage extends to 350 mrad in the forward direction and 400 mrad in the backward direction, defined
relative to the high energy beam. The right handed coordinate system is anchored on the main tracking
system, the drift chamber, with the

-axis coinciding with its principal axis. The positive  -axis points
upward and the positive  -axis points away from the center of the PEP-II storage rings.
The interesting events are separated from background using a trigger system. The first level (L1 trigger) is






































































Figure 2-1. BABAR detector longitudinal section.
software system, run together with the acquisition sofware, and it has an output rate limited to 120 Hz by
the downstream storage and processing capacity.
Simulation of BABAR detector response is realized with a GEANT3-based [42] application. Particle produc-
tion and decays are simulated in an event generator program interfaced to LUND/JETSET [43]. Simulated
events sample will be referred as full Monte Carlo (or simply MonteCarlo) events.
2.2 PEP-II




storage ring system designed to operate at a center of mass (CMS) energy of 10.58 -  . ,




resonance. The parameters of these energy asymmetric storage
rings are presented in Tab. 2-1. PEP-II has surpassed its design goals, both in terms of the instantaneous and
the integrated daily luminosity, with significantly fewer bunches than anticipated.
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Table 2-1. PEP-II beam parameters. Values are given both for the design and for typical colliding beam
operation in the first year. HER and LER refer to the high energy   






, and 	 refer to the horizontal, vertical, and longitudinal r.m.s. size of the luminous region. More
recently PEP-II has reached the record peak luminosity of    ﬁ   
 
 A 
 F with a record daily integrated
luminosity of    pb 
 F
Parameters Design Typical
Energy HER/LER (GeV) 9.0/3.1 9.0/3.1
Current HER/LER (A) 0.75/2.15 0.7/1.3
# of bunches 1658 553-829
Bunch spacing (ns) 4.2 6.3-10.5
  (  ) 110 120
 (  ) 3.3 5.6
	 (  ) 9000 9000
Luminosity ( ﬁ	   
 
 A  
 F ) 3 2.5
Daily int. luminosity ( pb 
 F /d) 135 120




resonance: they are referred to as on-resonance data.




resonance are summarized with their cross sections: the
production of light quark pairs (  !#   ) and charm quark pairs is usually referred to as continuum production.
It can be noted that the fraction of continuum is large with respect to the 

 one. These events are selected
by the trigger and they have to be separated or subtracted at analysis level. In order to allow for studies of
the non-resonant continuum about 11% of data are taken at a CMS energy 40 
 .





are commonly referred to as off-resonance data.
The bunches collide head-on and are separated magnetically in the horizontal plane by a pair of dipole
Table 2-2. Production cross-sections at    4ﬁﬀﬃﬂ . The Bhabha cross-section into  

  
 is the effective






































magnets (B1 in Fig.2-1), followed by a series of offset quadrupoles: they are permanent magnets made of
samarium-cobalt placed inside the field of the BABAR solenoid. The collision axis is off-set from the  -axis
of the BABAR detector by about 20 mrad in the horizontal plane to minimize the perturbation of the beams
by the solenoid field.
The beam parameters that are most critical for the BABAR performance are the luminosity, the energies of the
two beams, and the position, angles, and size of the luminous region (beamspot). While PEP-II measures
radiative Bhabha scattering to provide a fast monitor of the relative luminosity for operations, BABAR derives






operation, the mean energies of the two beams are calculated from the total magnetic bending strength
and the average deviations of the accelerating frequencies from their central values. While the systematic
uncertainty in the PEP-II calculation of the absolute beam energies is estimated to be 5–10 
 .
, the relative
energy setting for each beam is accurate and stable to about 1 
 .
. The r.m.s. energy spreads of the LER






















The size and position of the luminous region are critical parameters for the decay-time-dependent analyses
and their values are monitored continuously online and offline. The design values for the size of the luminous
region are presented in Tab. 2-1. The vertical size is too small to be measured directly. It is inferred from
the measured luminosity, the horizontal size, and the beam currents; it varies typically by 1–2 
J
.
The transverse position, size, and angles of the luminous region relative to the BABAR coordinate system
are determined by analyzing the distribution of the distance of closest approach to the

-axis of the tracks
in well measured two-track events as a function of the azimuth ? . The longitudinal parameters are derived
from the longitudinal vertex distribution of the two tracks. The uncertainties in the average beam position
are of the order of a few  m in the transverse plane and 100 
J
along the collision axis.
In Fig.2-2 the integrated luminosity delivered by PEP-II and recorded by BABAR is shown for Run 1 and
Run 2. We refer to data recorded during year 1999-2000 as Run 1 data and during 2001-2002 for Run 2.
2.3 Drift chamber and silicon vertex: track reconstruction
The charged particle tracking system is made of two components, the silicon vertex tracker (SVT) and the
drift chamber (DCH).
The SVT has been designed to measure angles and positions of charged particles just outside the beam pipe.
It consists of five layers of double-sided silicon strip detectors (Fig. 2-3) that are assembled from modules
with readout at each end, thus reducing the amount of inactive material in the acceptance volume. The inner
three layers primarily provide position and angle information for the measurement of the vertex position.
They are mounted as close to the water-cooled beryllium beam pipe as practical (at a radius    \ 	  
 ),
thus minimizing the impact of multiple scattering in the beam pipe on the extrapolation to the vertex. The
outer two layers are located at a much larger radius (    \   
 ) in order to provide the coordinate and
angle measurements needed for linking SVT and DCH tracks.
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Figure 2-2. PEP-II delivered and recorded luminosity from the beg inning of data taking
The principal purpose of the DCH is momentum measurement for charged particles. It also supplies





for particle identification. The
DCH is of compact design, with 40 layers of small, approximately hexagonal cells (Fig. 2-4). Longitudinal
information is derived from wires placed at small angles (stereo layers) to the principal axis. Wires in the
axial layers are parallel to the principal axis and both axial and stereo layers provide curvature measurement
of tracks. By choosing low-mass wires, and a helium-based gas mixture the multiple scattering inside the
DCH is kept to a minimum. At normal incidence the DCH is  \  '/ 
%

radiation length long. The readout
electronics is mounted on the backward endplate of the chamber, minimizing the amount of material in front
of the calorimeter endcap. Each of the 7,104 small drift cell consists of one sense wire surrounded by six
field wires, as shown in Fig. 2-5. While the field wires are at ground potential, a positive high voltage is








 V and with a 80:20 helium:isobutane gas mixture. During part of year 2000 the operating
voltage was lowered to ﬀ   V to preserve a small damaged section of the DCH. The main effect was a
reduced hit efficiency and, consequently, a reduced tracking efficiency and a worse momentum resolution



















The global coordinate system is defined by the DCH position. Because of either seismic activity or local
deformation due to magnet quences or detector access, the SVT modules move with respect to the DCH so
they must be periodically aligned as a whole in the DCH system. The alignment procedure is performed







events and cosmic rays.
2.3.1 Track selection
The reconstruction of charged particle tracks relies on information from both tracking systems, the SVT







and their associated error







distances of this point from the origin of the coordinate system in the

–  plane and along the

-axis,
respectively. The angle ?  is the azimuth of the track,







 is its curvature.
#
 and   are signed variables; their sign depends on the charge of the track. The
track finding and the fitting procedures make use of Kalman filter algorithm [44] that takes into account the
detailed distribution of material in the detector and the full map of the magnetic field.
In this analysis the definition of charged track is based on the following quantities.
  distance of closest approach to the beam spot in the

'
 plane (  #
L

 ) and in the  axis (  #  ). A cut
on those variable is against fake tracks, background tracks and cosmics, that are not originating from
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Figure 2-4. Schematic layout of drift cells for the four innermost superlayers. Lines between field wires
aid in visualization of the cell boundaries. The numbers on the right side give the stereo angles (mrad) of
sense wires in each layer. The 1   -thick beryllium inner wall is shown inside of the first layer.
  number of associated hits in the DCH. For high momentum tracks (   \  ) a cut on the minimum
number of associated DCH hits is applied. This cut is not used for low momentum tracks since slow
pions (produced for instance in the        decays) would be rejected.











 refers to the laboratory
momentum of the track to remove tracks not compatible with the beam energies.












For secondary tracks from  decays, no restriction on the impact parameter is imposed. No cut on the
minimum number of hits on track is used in order to maximize the efficiency for low momenta tracks







Figure 2-5. Drift cell isochrones (contours of equal drift times of ions) in cells of layers 3 and 4 of an axial
superlayer. The isochrones are spaced by 100    . They are circular near the sense wires, but become irregular
near the field wires, and extend into the gap between superlayers.
Other cuts are used to reject particular and rare events that can introduce tails in the resolution of some
inclusive variables, like for instance the reconstructed   in semileptonic decays. An example is shown in
Fig. 2-6, where a looping track is present. A combined set of cuts on  ? ,   and    (transvers momentum)
for each pair of reconstructed tracks is then applied. The cuts are different if the pair of tracks has same or
opposite sign. A summary of the track selection is shown in Tab. 2-3.






















































loopers Same sign:  ?   \ 		  &     \ 	Z   &    (   
 .
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Figure 2-6. Event with looping tracks.
2.4 Electromagnetic calorimeter: electron identification and neutral recon-
struction
The electromagnetic calorimeter (EMC) is designed to detect electromagnetic showers with excellent energy




. This coverage allows the detection
of low energy  

s and  s from  decays and higher energy photons and electrons. The EMC is a finely
segmented array of projective geometry made of thallium doped cesium iodide (CsI(Tl)) crystals Fig. 2-7.
The crystals are arranged in modules that are supported individually from an external support structure. This
structure is built in two sections, a barrel and a forward endcap. To obtain the desired resolution, the amount
of material in front of and in-between the crystals is minimized. The individual crystals are read out by
pairs of silicon PIN diodes. Low noise analog circuits and frequent, precise calibration of the electronics
and energy response over the full dynamic range are crucial for maintaining the desired performance.
2.4.1 Electron identification
EMC is crucial for electron identification. Different criteria are established to select electrons with different


















Figure 2-7. A longitudinal cross-section of the EMC (only half top is shown) indicating the arrangement of
the 56 crystals. The detector is axially symmetric around the  -axis.
 deposited in the EMC to the track momentum  (
 
 ). This quantity should be compatible with the unity
for electrons since they deposit all the energy in the calorimeter (Fig. 2-8) . The other charged tracks should
appear as 

  (minimal ionizing particles) unless they have hadronic interactions in the calorimer crystals.
To further separate hadrons a variable describing the shape of the energy deposition in the EMC (   ) ) is





energy loss in the DCH and the DIRC ﬃ
! #"$ &%('*),+
angle are required to be
consistent with an electron and it offers a good separation in a wide range (for      see Fig.2-11).
The track selection criteria are tightened for electrons selection to suppress background and to ensure a









 , and     	
 	
for the number of associated drift chamber hits.











and electron candidates with





















 , the ratio of  
7
 , the energy deposited in the EMC, and  
7
 the momentum in the laboratory
rest frame measured using the tracking system;  
)
, the lateral shape of the calorimeter deposit;   ,
the azimuthal distance between the centroid of the EMC cluster and the impact point of the track on
the EMC; and      , the number of crystals in the EMC cluster;
  d  /d

, the specific energy loss in the DCH;
  the ﬃ





, the number of photons measured in the DIRC.
First, muons are eliminated based on # E/ # x and the shower energy relative to the momentum. For the
remaining tracks, likelihood functions are computed assuming the particle is an electron, pion, kaon, or
proton. These likelihood functions are based on probability density functions that are derived from pure
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E/p
























































Figure 2-8. Distribution for  ﬂ  (top left) using a control sample of electrons and  ﬂ  versus momentum
(top right), polar angle (bottom left) and azimuthal angle (bottom right).
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Figure 2-9. Electron identification and hadron misidentification probability for the likelihood-based
electron selector as a function of momentum (left) and polar angle (right). Note the different scales for
identification and misidentification on the left and right ordinates, respectively. The measurements are for
luminosity-averaged rates for Run-1 and Run-2.
particle data control samples for each of the discriminating variables. For hadrons, we take into account the








































































































is assumed. A track is








The electron identification efficiency has been measured using radiative Bhabha events, as function of
laboratory momentum  
7
 and polar angle  
7
 . The misidentification rates for pions, kaons, and protons











decays provide pure samples of protons and charged
kaons.
The performance of the likelihood-based electron identification algorithm is summarized in Figure 2-9, in
terms of the electron identification efficiency and the per track probability that a hadron is misidentified as
an electron.
The average hadron fake rates per track are determined separately for positive and negative particles, taking
into account the relative abundance from Monte Carlo simulation of   events, with relative systematic
uncertainties of 3.5%, 15% and 20% for pions, kaons, and protons, respectively. The resulting average fake








 , is of the order of 0.05% for pions and 0.2% for kaons.
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Figure 2-10. Definition of the variables   ,  and 
2.4.2 Neutral reconstruction
Neutral particles (photons,    , neutral hadrons) are detected in the EMC as clusters of close crystals where
energy has been deposited. They are required to be not matched to any charged track extrapolated from
tracking volume to EMC inner surface.
For this analysis a neutral particle is selected as local maximum of the energy depositions in the EMC. These
energy clusters originate mostly from photons, thus momenta and angles are assigned to be consistent with
photons originating from the beam-beam interactions. The list of neutrals is also used to reconstruct the  

s and the selection is detailed in the next chapter (see 3.1).
A sizable background of low energy photons is due to beam-related background. To reduce the impact of
these background, a cut on the minimum energy of the neutrals has been studied. The resolution of the
kinematic variables used by this analysis and the signal over background ratio have been optimized. The
resulting cut corresponds to 	  '  
 .
.
Some additional backgrounds are due to hadronic interactions, either by 
	
or neutrons. This background is
removed by applying requests on the shape of the calorimeter clusters. In order to describe the lateral energy
distributions of showers, the following variables are defined:   , the number of crystals associated with the
shower, 
2






, the polar coordinates in the plane perpendicular to the line pointing from the interaction point to the
shower center (see Fig. 2-10).
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where r  is the average distance between two crystals, which is approximately 5 cm for the BABAR calorime-
ter. This variable is constructed to discriminate between electromagnetic and hadronic showers based on
their average properties. The summation in the numerator omits the two crystals containing the highest
amounts of energy. Electrons deposit most of their energy in two or three crystals, so that the value of LAT
is small for electromagnetic showers. Multiplying the energies by the squared distances enhances the effect
for hadronic showers, compared with electronic. By using control samples, a  \    	 LAT 	  \   cut has been
set up to reject hadronic showers.
Another uselful shape variable is the so-called    	   , that is the ratio of the energy deposited in the 9 closest
crystals from the cluster centroid over the energy deposited in the 25 closest clusters. A cut at    	     \ 
has been set after optimization studies. Tab.2-4 shows a summary of the cuts on the neutrals.
Table 2-4. Summary of neutral selection.
Cut Cut value





LAT  \ 
 

















light detector and kaon identification
The study of charmless semileptonic B decays requires the ability to identify final states without charged
kaons in order to reject a fraction of the large  ﬁ    background.






in the DCH as a function of track momenta is shown for different control samples










information does not allow to separate pions and kaons. BABAR has
therefore a dedicated PID subdetector. It is a new kind of ring-imaging ﬃ
  #"$ &%('*),+
detector called the
DIRC [46] (Detector of Internally Reflected ﬃ erenkov light). It was designed to be able to provide    
separation of 








The DIRC is placed before the calorimeter and therefore it should be thin and uniform in terms of radiation
lengths (to minimize degradation of the calorimeter energy resolution) and small in the radial dimension to
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Figure 2-11. Measurement of    ﬂ    in the DCH as a function of track momenta. The data include large
samples of beam background triggers, as evident from the high rate of protons. The curves show the Bethe-
Bloch predictions derived from selected control samples of particles of different masses. It is clear that
 
















Figure 2-12. Difference between measured and expected energy loss    ﬂ   for   from Bhabha scattering



























Figure 2-13. Schematics of the DIRC fused silica radiator bar and imaging region. Not shown is a 6 mrad
angle on the bottom surface of the wedge.
reduce the volume, hence, the cost of the calorimeter. Finally, for operation at high luminosity, it needs fast
signal response, and should be able to tolerate high backgrounds.
Fig. 2-13 shows a schematic of the DIRC geometry that illustrates the principles of light production,
transport, and imaging. The radiator material of the DIRC is synthetic, fused silica in the form of long,
thin bars with rectangular cross section. The bars serve both as radiators and as light pipes for the portion
of the light trapped in the radiator by total internal reflection. Fused, synthetic silica is chosen because
of its resistance to ionizing radiation, its long attenuation length, large index of refraction, low chromatic
dispersion within the wavelength acceptance of the DIRC, and because it allows an excellent optical finish
on the surfaces of the bars.
In the following, the variable   is used to designate the ﬃ
! #"$ &%('*),+
angle, ?  denotes the azimuthal angle of
a ﬃ
  #"$ &%('*)+
photon around the track direction, and  represents the mean index of refraction of fused silica








(   a    a  velocity of the particle,   velocity of light).
For particles with 
 
, some photons will always lie within the total internal reflection limit, and will
be transported to either one or both ends of the bar, depending on the particle incident angle. To avoid
instrumenting both ends of the bar with photon detectors, a mirror is placed at the forward end, perpendicular
to the bar axis, to reflect incident photons to the backward, instrumented end.
Once photons arrive at the instrumented end, most of them emerge into a water-filled expansion region,
called the standoff box. A fused silica wedge at the exit of the bar reflects photons at large angles relative
to the bar axis. It thereby reduces the size of the required detection surface and recovers those photons that
would otherwise be lost due to internal reflection at the fused silica/water interface. The photons are detected
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Figure 2-14. Charged kaon identification and pion misidentification probability for the tight kaon micro
selector as a function of momentum (left) and polar angle (right). The solid markers indicate the efficiency
for positive particles, the empty markers the efficiency for negative particles. Note the different scales for
identification and misidentification on the left and right ordinates, respectively.
by an array of densely packed photomultiplier tubes (PMTs), each surrounded by reflecting light catcher
cones to capture light which would otherwise miss the active area of the PMT. The PMTs are placed at a
distance of about 1.2 m from the bar end. The expected ﬃ
! #"$ &% '*)+
light pattern at this surface is essentially
a conic section, where the cone opening-angle is the ﬃ
  #"$ &%('*),+
production angle modified by refraction at
the exit from the fused silica window.
The DIRC is intrinsically a three-dimensional imaging device. Photons are focused onto the phototube
detection surface via a pinhole defined by the exit aperture of the bar, so that the photon propagation angles
can be measured. Imaging in the DIRC occurs in three dimensions, by recording the time of the PMT
signal. As the track position and angles are known from the tracking system, the two angles (    ?  ) can be
determined. This over-constraint on the angles is particularly useful in dealing with ambiguities and high
background rates.
The kaon selection is performed using variables based on information from the DRC, the DCH and the SVT.
Likelihood functions are computed separately for charged and neutral particles, as products product of three
terms, one for each detector subsystem and then combined, similarly to the electron algorithm previously
described. The charged kaon efficiency is compared to the charged pion misidentification in Figure 2-14. In
the reconstruction of the invariant mass of the hadronic system, given the difference in the kaon momentum
spectrum (2-14), a charged track is identified as kaon if         . .
2.6 Instrumented Flux Return and muon identification
The instrumented flux return (IFR) is designed to identify muons and to detect neutral hadrons. For this
purpose, the magnet flux return iron in the barrel and the two endcaps are segmented into layers, increasing
in thickness from 2
Q J
on the inside to 10
Q J
at the outside (Fig. 2-15). Between these iron absorbers, single
gap resistive plate chambers (RPCs) are inserted which detect streamers from ionizing particles via external




















Figure 2-15. Overview of the IFR. Barrel sectors and forward (FW) and backward (BW) endcaps; the shape
of the RPC modules and their dimensions are indicated.
aluminum strips. There are 19 layers of RPCs in the barrel sectors and 18 layers in the endcaps. The total
thickness of iron at normal incidence is 65 cm in the barrel region, 60 cm in the endcaps. Two additional
cylindrical layers of RPCs with four readout planes are placed just in front of the magnet cryostat to detect
particles exiting the EMC.
Muons are identified by measuring the number of traversed interaction lengths in the entire detector and
comparing it with the number of expected interaction lengths for a muon of a given momentum. Moreover,
the projected intersections of a track with the RPC planes are computed and, for each readout plane, all
strips clusters detected within a predefined distance from the predicted intersection are associated with
the track: the average number and the r.m.s. of the distribution of RPC strips per layer gives additional


  discriminating power. We expect in fact the average number of strips per layer to be larger for pions
producing an hadronic interaction than for muons. Other variables exploiting clusters distribution shapes are
constructed. Selection criteria based on all these variables are applied to select muons. The performance of
the muon selection has been tested on samples of kinematically identified muons from  	 	 and   final





The muon selection procedure is as follows:
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Figure 2-16. Muon identification and hadron misidentification probability for the tight muon selector as a
function of momentum (left) and polar angle (right). The solid markers indicate the efficiency in 2000, the
empty markers the efficiency in 2001. Note the different scales for identification and misidentification on the
left and right ordinates, respectively.
  The number of interaction lengths expected for a muon of the measured momentum and angle to
traverse is estimated by extrapolating the track up to the last active layer of the IFR. This estimate




























track momenta between 0.5 -
 .

 and 1.2 -
 .
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are the last and first layers
with hit.
)
 is expected to be 1.0 for muons penetrating an ideal detector whereas is expected smaller














 (i.e. in the Forward End Cap to
remove beam background).
  The observed number of hit strips in each RPC layer is used to impose the conditions on the average
number of hits, 




  The strip clusters in the IFR layers are combined to form a track and fit to a third degree polynomial,










. In addition, the cluster centroids






















pairs. The misidentification rates for pions, kaons, and protons are extracted from selected data
samples. The performance of the muon identification algorithm is summarized in Fig. 2-16, in terms of the
muon identification efficiency and the per track probability that a hadron is misidentified as a muon. Only






, are considered. The
errors shown are statistical only, the systematic error is dominated by variations in the performance of the





This chapter describes the reconstruction of the mesons used in the analysis, both in the reconstruction of
the  meson (Chapter 4) and in the study of the recoil (Chapter 5). Different control samples has been
used to produce the following plots 1.
3.1    reconstruction
A wide energy spectrum of  

s ranging from particles almost at rest up to several -
 .
is needed in this
analysis. For instance, lowest energy  









decays while the decay
products in the       

channel have quite large momentum.
The  

s are reconstructed using pairs of neutral clusters with a lower energy cut at 30 
 .
and applying
a cut on the LAT variable (the lateral shape of the calorimeter deposit). The resulting    has to have an
energy above 200 
 .
. A mass region of (110–155)   . , corresponding to  ' % ﬃ '   ﬃ  , is applied. In
Fig. 3-1 invariant masses and their resolutions for simulated events and real data are shown.
Mgg (GeV)
Simulation
mean = 0.13520 +/- 0.00003
sigma = 0.00640 +/- 0.00002
Mgg (GeV)
Data
mean = 0.13440 +/- 0.00003
sigma = 0.00686 +/- 0.00002
Figure 3-1.   peaks for simulated events and for data.







 are reconstructed pairing all possible tracks of opposite sign, and looking for the 3D point (vertex)
which is more likely to be common to the two tracks. The algorithm is based on a   minimization and
it uses as a starting point for the vertex finding the closest approach in 3D. No constraint is applied on the














. Fig.3-2 and Fig.3-3



























mean = (497.305 +/- 0.005) 10-3
sigma1 = ( 1.924 +/- 0.021) 10-3
sigma2 = ( 4.349 +/- 0.031) 10-3
Figure 3-2. Mass distributions for   , 

 
 . The distribution is fitted with a sum of a double gaussian
and a first order polynomial function.
 [GeV]labp






































Figure 3-3.  ﬀ momentum (left) and polar angle (right) distributions in data (solid markers) and Monte
Carlo simulation (hatched histogram).
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3.3   reconstruction
The reconstruction of  mesons in hadronic modes described in the next chapter utilizes charmed  mesons
decaying in a variety of channels. These channels and their branching ratios are summarized in Table 3-1.
Decay Mode Parent Mass Branching
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Table 3-1. Decay modes used by this event selection. The mass values and branching ratios are those used
in the MonteCarlo, which are consistent with Reference [28]. For the states which proceed via intermediate
resonances (   ,  
     ,   ,      
 ,   ,  
      
 and   ,  
     ) the branching
ratios are summed over resonant and non-resonant contributions in the Monte Carlo, and include intermediate






























ﬁ   and 150 
 .
for the remaining three modes. Also, in these modes, the kaon identification
is used to reject pion backgrounds for the kaon track. The   candidates are required to lie within )  ﬃ ,
calculated on an event-by-event basis, of the nominal 

mass (Fig.3-4). All   candidates must have
momentum greater than 1.3 -
 .






frame. A bit looser cut (    \  -  . ) is applied if the
















 . The lower cut is done to reduce combinatorics, the upper is due to the kinematic endpoint of the


coming from a 






. A vertex fit is performed, where
a 
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Table 3-2. Summary of cuts for   selection
3.3.2   selection




























































modes have a minimum momentum of 200 
 .





 . A kaon selector is used to reject pion backgrounds for the kaon track. For the       modes,






candidates are required to have
an invariant mass within
) 
ﬃ , calculated on an event-by-event basis, of the nominal   mass. The 
candidates must have momentum greater than 1.0 -
 .






frame for the three cleanest modes



















 ) and greater than 1.6 -  .   for the two remaining


















 ). Moreover all   candidates must have momentum
lower than 2.5 -
 .









case. A vertex fit is performed and a   probability
greater than 0.1% is required.
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Figure 3-4.   candidates selected for   ,   ,   ,       ,     , and   ,    modes.
3.3.3   selection
 
candidates are formed by combining a 









 category as explained in the next chapter. A vertex fit for the 
 
is performed using the







to model the beam spot spread in the vertical direction. The fit is required to converge, but no cut is applied
on the probability of   . After fitting, selected    candidates are required to have  
 within )  ﬃ of the
measured nominal value(Fig.3-5). 	
 distribution is fitted with a double gaussian distribution. The width
is taken to be a weighted average of the core and broad Gaussian distributions.
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Figure 3-5. Distribution of soft pion momentum in the   
   frame (left) and  
     
    
    mass
distribution for  







,   mode. Vertical lines indicate the signal
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candidates are reconstructed by combining a selected 

with a either a  

or a photon having
momentum less than 450 
 .

























candidates are required to have  













 (  	 +   .    	  
 	    +   .    ). The  
 distribution for          , obtained
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Table 3-5. Summary of cuts for    selection
Figure 3-6.    distribution for    ,     decays, where    
         :<;>= ﬂU?
3.4  reconstruction
 meson candidates are obtained combining a  meson with pions and kaons. The details of the 
reconstruction in fully hadronic modes will be given in the next dedicated chapter. This section is intended
to give a description of the two main variables used the select  candidates, to extract the yields and to
define a sideband region to study the background.
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-0.3 -0.2 -0.1 0 0.1 0.2 0.3
mean = -0.0058 +/- 0.0010
sigma = 0.019 +/- 0.001
Figure 3-7. An example of    distribution for + ,  

 
 with   ,   .
3.4.1 Energy conservation and   variable
In order to fully reconstruct  meson in the energy conservation can be imposed. The energy difference


















rest frame (CM) and  is the beam energy. The
resolution of this variable is affected by the detector momentum resolution and by the particle identification
since a wrong mass assignment implies a shift in 	 . Signal events are Gaussian distributed in 	 around
zero, continuum and part of the  background can be fitted with a polynomial distribution and background,
due to misidentification, gives shifted gaussian peaks (see Fig. 3-7) . The resolution of this variable depends




. It can be worsen by two
factors: charged tracks multiplicity in the  mode and  

multiplicity. A cut on 	 , dependent upon the
 decay mode, is then necessary and it is described in the next chapter.
3.4.2 V mass reconstruction and 

variable






















system in the CM rest frame and   is the  candidate momentum

























Figure 3-8.    versus   for the decay , + ,  

 
 with   ,   .
by beam energy fluctuations. To an excellent approximation, the shapes of the 
  distributions for
 meson reconstructed in a final states with charged tracks only are Gaussian and practically identical.
Otherwise the presence of neutrals in the final states, in case they are not fully contained in the calorimeter,
can introduce tails.
It is important to notice that 
  and 	 are dependent variables by their definition. However, since




resolution for 	 ), 
  and 	 also are in practice uncorrelated 3-8.




The background shape in 
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and the parameter   is determined from a fit. The 
 
q
, that represent the endpoint
of the ARGS distribution, is fixed in the fit to 
  , since it depends only on the beam energy.
ARGUS shapes describes well both continuum (   and  #  ) and   background events, as shown in Fig.3-9.
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mes for offresonance data



















mes for crossfeed bbar events
Figure 3-9. Left:    distribution for candidates in the off-resonance data (40  ;>= below the   
 
mass). Right:    distribution for
 
background ( +  reconstructed as +  ). ARGUS shape fit is
superimposed in both cases.
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The radiative tail of this function can take into account possible not fully contained reconstructed  

. Then
the left tail of the distribution depends on the reconstructed  mode and in particular on the number of  

.







Then the maximum total number of floating parameters in the 


fits is 7. Two of them are for the ARGUS
shape, while the remaining five parameters are for the Crystal Ball one.
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mes for MC mode with 0 pi0

















mes for MC mode with 1 pi0

















mes for MC mode with 2 pi0
Figure 3-10. MC    distributions for reconstructed B modes with (left) no   in the final state, (middle)





The aim of the Semi-exclusive reconstruction is to get as many as possible  mesons reconstructed in fully
hadronic modes in order to study the properties of the recoiling  .
The sum of a few, very pure exclusive modes (as done for instance in the BABAR  lifetime analysis
[52]) assures very high purity but low efficiency. On the other hand a fully inclusive approach with high
multiplicity reconstructed modes is not feasible since the level of combinatorics would be too high. A
compromise is set up. The reconstruction considers only the favored modes, put a limit on the maximum
number of used particles and use an algorithm that is as much inclusive as possible in combining the
particles, neglecting the intermediate states, when possible.
The  mesons decay predominantly into hadronic final states involving  or   mesons. Table 4-1 shows
the relevant branching fractions for B decays that contain one of these modes. This analysis will concentrate











Figure 4-1 compares the branching fractions for the      , as from simulation. The branching
fractions for such modes where only pions are involved are tabulated explicitly in Table 4-2 when known,
compared with the simulated ones. As shown many modes can contribute with branching ratios of the same
order of magnitude. The situation becomes more intricate when kaons are present in the final state because
in that case the double charm events start contributing. In particular in the case where one kaon is present
 
and   decays contribute, but they are quite suppressed. When two kaons (of opposite strangeness)
are involved,    and  


events contribute. This case is highly favored. Without requesting any
intermediate resonance or meson, the reconstruction will keep all these modes. The compromise here is to
reconstruct modes involving up to 5 charged hadrons and up to two  

’s.
It has to be noted that 






mesons. The reconstruction will only consider such modes.
4.2 Reconstruction Method
Since high multiplicity modes are reconstructed, an appropriate reduction of combinatorics must be applied.
Moreover the aim is to obtain a sample with a reasonable purity and reduce the CPU time and the size of the
final sample.
The strategy of this approach is then the following:
60 Semi-exclusive Reconstruction



















































































































0 5 10 15 20 25
Figure 4-1. Breakdown of + ,  P- decays as simulated in the MC. The plot is normalized to have
unitary area.
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Table 4-2. Comparison between the branching fractions relevant for this analysis as measured in the
literature [31] and as simulated in the MonteCarlo for + ,   - .

















































































































































































































































































































 , with total charge equal to
) 
;
  study the structure of the  system looking for resonances in the signal and studying the shape of the
background.
  identify submodes and create subcategories according to the their multiplicity and to the structure of







 . ). This is meant to identify the high purity modes and to
optimize the overall purity of the sample. Clean modes have to be separated from the low purity ones.
  determine a mode by mode 	 cut (see 3.4.1), in order to account for different resolutions.
  rank the submodes according to their purity and yields and study   j    as a function of the
number of used modes in order to maximize the statistical significance of the sample.
  group the submodes with similar purity
  resolve the multiple candidates.










mesons, as described in 3.3. The





needed to be combined to the  meson.
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Table 4-3.  Meson decay modes and the corresponding Branching Fractions as in [31].
criteria (2.4.1,2.6) are discarded. Finally tracks identified as kaons (2.5) are assigned the mass of the kaon
while the others are treated as pions.
The  

reconstruction has been described in 3.1.
Pairs of opposite change hadrons (      
%





using the list of charged tracks. If both the 







the two tracks are replaced by the 

 (i.e. a   would become a   and a =  either a       or a     ).
The 

 identification is described in 3.2.
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4.2.1 Construction of V candidates
The algorithm starts with a reconstructed  meson (the so-called  
	 '  	 	 # ) and adds one element of the
list of tracks to form the  	 	
#
. This is driven by the requirement that, as discussed in section 4.1, only
neutral  modes into charged  mesons and charged  modes into neutral  mesons are considered. This
 	 	
#




 are added iteratively.
Each combination is classified according to the two kinematic variables 	 and 
  discussed in section
3.4. The plane 
  vs. 	 is divided in four zones as shown in fig. 4-2. These zones take into account the
fact that the addition of a  

or a couple of charged tracks increases the 	 (the minimum shift corresponds
to the  

mass). The signal region consists of the (A) and the (B) zones. A combination in the region (A)
is kept but no more particles can be added since the next combination will be out of the signal region. If a
candidate is in the region (B) it is considered as signal but it can also serve as a seed to which additional
particles can be added. If a candidate is in region (C) it is out of the signal region, but it can still be used as
seed, while candidates in (D) are not considered further.
The algorithm is repeated considering all possible combinations up to 7 particles, up to 5 charged tracks and
2 neutrals.
mes (GeV)


















Figure 4-2. Definition of the    -    regions. In each iteration of the Semi-exclusive reconstruction a
combination is used (A) only as candidate, (B) both as candidate and as seed. (C) used as seed but not as
candidate and (D) not used.
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4.3 Categorization and summary of the reconstructed modes
The choice of the submodes is crucial in this recostruction method. The identification of the clean modes
allows to set up the most efficient and pure selection among the multiple candidates in different modes.
A detailed description of the categorization studies and all the observed structures in the  system for
different multiplicities are detailed in the appendix A.
4.3.1 Summary of the modes
Finally the number of  modes is 52 (53 for the  seed, see A.2.10). The total number of modes is 1097.
A summary is shown in Table 4-4.
4.4 Signal region definition
Once all the possible reconstruction modes are identified, a window in 	 and a criterion to pick up among
several candidates in a given mode have to be determined.
The 	 resolutions are determined from the   distributions before requesting the best candidates and
they depend essentially on the number of charged tracks and, above all, on the number of  

s in the only 
system (since the reconstructed  meson is mass constrained). For the modes without    s a fit with a linear
background and a gaussian is performed and 2 ﬃ symmetric windows are taken. In the case of modes with
at least a  

, the situation is worse. First of all there are too many candidates per event. Requiring that only
the 10 candidates with the smallest  	  are taken, can create a bias in the 	 distribution. Therefore
only the cleanest modes (an example for        is in Fig. 4-3) are used to determine a common window
for all modes including  

s. Moreover the presence of  

makes the distribution asymmetric.




























































4.5 Selection of the best B
Two kinds of multiple candidates are possible: multiple candidates can be reconstructed in the same sub-
mode and many reconstructed submodes per event are also possible.
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-0.1046E-01
 0.2709E-01
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-0.1290E-01
 0.2730E-01
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            852
-0.1183E-01
 0.2820E-01
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            191
-0.1423E-01
 0.2866E-01
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-0.075 -0.05 -0.025 0 0.025
Figure 4-3.    distributions for the for the four   decay modes in + ,      ,   ,    : a)


,   , b)   ,     , c)   ,    and d)   ,    
SEMI-EXCLUSIVE RECONSTRUCTION
66 Semi-exclusive Reconstruction






































































































































































































































































































Table 4-4. Summary of the number of Semi-exclusive modes. Appendix A contains a detailed description
of the B mode categorization.
If there are multiple candidates in the same submode the minimum 	 criterion is used and one candidate
per submode is selected.
The selection of the best  among different submodes cannot use the 	 criterion because the modes with
higher combinatoric background would be privileged with respect to the clean ones, thus introducing a bias.















probability here is given by the purity of the mode, determined by fitting the 
  distribution
(see 3.4.2.1). Tables of purity per mode are calculated. The selection of the best  in the event is based on
the choice of the reconstructed mode with the highest purity.
These tables are also useful to subdivide the long list of modes into an optimal set of modes. The modes are
ranked according to their purity and are added up to the sample one at a time. At each addition of a mode
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Figure 4-4. Dependence of the quality factor  ﬂ    + as a function of the yield when adding modes for
the +  ,  

- case. Statistics corresponds to 80 fb 
 F .
the yield increases and the purity mostly decreases. This method is very useful once the composition of
the modes has to be optimized for the analysis of the recoil. The significance   j    is computed as a






case is shown in Fig. 4-4. The optimization, after applying all analysis cuts, will be described in the next
chapter.
4.6 Summary of the yields
The final yields depend on the cut on the purity. The estimate of the yield without any cut on purity is not
feasible since the 
  fit is poor due to the large background. In Fig.4-5 the results with the final cuts on
the single mode purity (see 5.4.2) are shown for each seed. In Table 4-5 the yields for four different levels
of purity of the final sample are summarized.
4.7 Effect of constraints in the recoil
As shown in Fig.4-5 a large number of signal events implies quite low purity. The situation improves a lot,
once cuts on the recoil are applied. For instance, the request of a hard lepton removes most of the non  
events and the 
























S = 46376.6 +/- 312.6
B = 37412.6 +/- 301.0
 [GeV]ESm




















S = 62960.4 +/- 545.8
B = 201017.7 +/- 552.3
 [GeV]ESm

















S = 82657.0 +/- 642.8
B = 288195.6 +/- 651.2
 [GeV]ESm


















S = 100653.5 +/- 696.3
B = 327788.3 +/- 708.4
Figure 4-5.    distributions and fits for the final Semi-exclusive sample. Top left: +  ,  

- . Top
right: +  , 









- . The numbers printed on each
plot indicate signal yield (S) and background yield (B), both in the signal region defined by         :<;>= .
The cut applied on the single mode purity are described in 5.4.2.
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 20670 ) 170 50300 ) 340 55560 ) 390 46380 ) 310
Total 

37720 ) 240 98390 ) 500 170560 ) 880 183310 ) 905
Total 

31740 ) 210 76020 ) 430 111390 ) 620 109340 ) 630
Total 69460 ) 320 174410 ) 660 281950 ) 1080 292650 ) 1100
Table 4-5. Yields from Semi-exclusive reconstruction for different levels of purity for 80 fb 
 F .
Fig.4-5 with the additional request of one lepton in the recoil with a cut on the momentum in the  rest
frame of





This improvement is crucial for this inclusive analysis of the recoil because it allows to use most of the
Semi-exclusive modes obtaining a sample with high efficiency and a reasonable purity.
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Figure 4-6.   distributions for candidates in the off-resonance data (40  ;>= below the   
  mass)
with no cut applied (plain) and after the cut on the lepton in the recoil (overlaid in red).
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S = 6006.3 +/- 110.2
B = 1419.3 +/-  64.0
















S = 6500.3 +/- 123.6
B = 3506.3 +/-  90.7


















S = 9991.4 +/- 161.7
B = 6143.4 +/- 141.2
















S = 12246.0 +/- 173.4
B = 7458.4 +/- 141.5





- . Top right: +  , 










numbers printed on each plot indicate signal yield (S) and background yield (B), both in the signal region
defined by         :<;>= . The cut applied on the single mode purity are described in 5.4.2. Additional






5.1 Analysis of the recoil in semileptonic B decays.
As mentioned in the introduction, this measurement is based on the study of the recoil of fully reconstructed
 ’s. This method offers many advantages. First of all it assures a very clean environment to study the




is reconstructed in a fully hadronic
mode (see Fig.5-1). Then, the remaining of the event belongs to the other  .
In case of a semileptonic decay of the recoiling  the only missing particle is a neutrino. This implies that
the charge conservation can be applied and that the missing mass of the entire event should be compatible
with zero. Moreover, since the kinematic is over constrained, the resolution on the reconstructed quantities,
such as the mass of the hadronic system   , can be improved by using kinematic fits.
The momentum of the recoiling  is also known and then the lepton momentum can be boosted in the  rest
frame.
The charge of the  is known. The 

s and the 

s can be studied separately.
The flavor of the  is known. The correlation between the charge of the lepton and the flavor of the  can
be used to reject    ﬁ 	     events (the so-called cascade events).
Figure 5-1. Semileptonic events in the recoil of fully reconstructed + ’s.
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The only drawback is that the efficiency of this method is very low and it is dominated by the Semi-
exclusive reconstruction efficiency (see 4.6) that is around  \ %  . In this analysis all the efficiencies will
be calculated with respect to a sample with at least one fully reconstructed  .
5.2 Extraction of BR(
 Q &SUT
) by normalization to the number of semilep-
tonic decays
The inclusive charmless semileptonic branching ratio is extracted using the   variable. A given set of
cuts is applied in order to reject the    background and to improve the resolution on   itself.
To derive the charmless semileptonic branching ratio the observed number of events, corrected for back-
ground and efficiency, is normalized to the total number of semileptonic decays      (here  stands
for  or  ) identified in the recoil of fully recontructed  s. Then, using the semileptonic branching ratio


















, the branching ratio      	ﬀ 

can
be derived which is directly related to ﬂ	& (see section 1.3).
The measurement of a ratio of branching ratios offers three advantages. First of all by measuring a ratio,
the absolute efficiency of the Semi-exclusive reconstruction is not needed. This is very important since the
Semi-exclusive efficiency is affected by large uncertainties due to the complicated algorithm and to the fact
that many of the reconstructed modes are not well described in the MonteCarlo. On the other hand most
of the systematics due to lepton identification are removed since they are present in both numerator and
denominator of the ratio and they vanish. Finally the normalization to the number of semileptonic events is
less affected by biases in the 


fit. As shown in Figures 4-5 and 4-7 the quality of the fit and the signal
over background ratio improves a lot once a cut on the lepton is applied. In Fig. 5-2 the absolute analysis cut
efficiency (normalized to the number of full reconstructed  ’s) in bins of single mode purity is compared
to the efficiency normalized to the number of semileptonic events. The efficiency is much more stable for
the semileptonic normalization implying a lower dependency on the fitted yield, on the quality of the 
 
fit and on the signal over background ratio.
The number of observed      events which contain a charged lepton with a momentum in the     
2




























, taking into account the remaining background 
@





























































































refers to the efficiency for selecting a lepton from a semileptonic B decay with a momentum above

	
 in an event with a fully reconstructed  with the efficiency    .
Additional selection criteria are imposed to select     decays. They include constraints on the sum of
the charges of all observed particles in the events, correlations between the sign of the lepton and the flavor
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Purity category
























































































































































Figure 5-2. Left: absolute analisys cut efficiency in bins of single mode purity. Right: analysis cut
efficiency normalized to the number of semileptonic events in bins of single mode purity. These results
are for 80 fb 
 F of data for the + ,    - reconstruction.
of the reconstructed  meson, requirement on the missing momentum and mass, and most importantly a
veto on strange particles (see 5.4).







contains both the signal events and a sizable background 
@
	
primarily from     decays and the signal over background ratio for low   values (   	  \     -  . )
is around 1/1. The shape of this background is estimated from MonteCarlo simulation. A binned 

fit
is performed to the distribution of the kinematically fitted mass for     	  to determine the relative
normalization of the background in data and MonteCarlo. The signal in the region   	   	  is then is
extracted by extrapolation of the background to low masses. The resulting measured number of events can
















































refers to the efficiency for detecting a      decays in the tagged sample with one lepton ex-




of the   	  	  cut for      decays. The ratio of branching ratios for the two classes of events can
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is expected to be close to, but not equal, to unity. Due to the difference in
multiplicities and the different lepton momentum spectra, we expect the tag efficiencies    and lepton
efficiency    to be slightly different for the two classes of events. The principal challenge is the estimate
of the background, 
@
	 by extrapolation.
5.3 Data and MC samples
5.3.1 Data sample
This analysis is based on a total integrated on-peak luminosity of 81.9 fb
%








Run-1 and Run-2, respectively, recorded in the years 1999-2002. They correspond to about 90 millions of
pairs   . The off-peak data, correspondent to 9.6 fb
%

, were used as a control sample to check the fit to
the 
  variable for the continuum events (see 3.4.2.1).
5.3.2 MC samples
The Monte Carlo samples used in this analysis are summarized in Tab. 5-1. These samples differ either in
terms of the decay modes of the fully reconstructed  or the selection of semileptonic decays and their decay
model. Cocktail samples contain specific hadronic decay modes for one of the  mesons, corresponding to a
subset of the modes used in the Semi-exclusive reconstruction and where the Semi-exclusive reconstruction
has very high efficiency. Generic   MonteCarlo represent the full simulation of all possible decays of the
 meson and it should represent the data and an unbiased event sample. Then Cocktail samples has been
used for crosscheck purposes and high statistics tests, while Generic   samples are actually used to model
the data.
5.3.2.1 Signal simulation
A detailed description of the signal modeling has been already given in 1.4. In the signal sample, one of the
two  s decays in  
 . For the other  there are the two options, Cocktail and Generic  decays. Four






 ﬂ - Generic
  pure   
'










 ﬂ - Cocktail
  pure   
'





The amount of generated events and the equivalent luminosity are detailed in Tab. 5-1.
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5.3.2.2 Background   events
Semileptonic  decays in the generic Monte Carlo simulation have been modeled with specific decay models
for the charm meson. A parameterization of HQET form factors, defined in [54], is used for      , the






 , whereas the ISGW2
model [56] is used for all other semileptonic decays. The total Cabibbo-favored semileptonic branching












, somewhat lower than the most recent measurement by BABAR [49].
5.3.2.3 Non   events
The non   MonteCarlo consists of   and   , # # ,   events. These samples have been used, as the off-peak
data, to check the 
  shape (see 3.4.2.1).




shapes and yields for data, Cocktail MonteCarlo, Generic MonteCarlo and  ( 

#
  ﬂ  -
Generic MonteCarlo once are shown in Fig.5-3 with no additional cut applied and in Fig.5-4 if loose cuts
to select semileptonic events in the recoil are applied. The level of purity for the different samples is also
shown.
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S = 303673.8 +/- 1161.1
B = 926606.7 +/- 1391.5
data
















S = 775236.6 +/- 1013.1
B = 122230.3 +/- 654.7
Cocktail MC






















S = 466252.5 +/- 947.3
B = 333301.0 +/- 816.9
Generic MC


















S = 11036.5 +/- 115.5
B =  916.1 +/-  59.2
Hybrid Signal MC
Figure 5-3. Event yields for all seeds combined without additional requirement on the recoiling system.
The numbers printed on each plot indicate signal yield (S) and background yield (B), both in the signal
region defined by          :<;>= .
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S = 34090.6 +/- 264.6
B = 19296.5 +/- 256.1
data
















S = 91827.1 +/- 224.1
B = 9154.7 +/- 296.2
Cocktail MC




















S = 56470.4 +/- 295.7
B = 16111.4 +/- 215.4
Generic MC



















S = 5279.3 +/-  82.6
B =  413.3 +/-  48.1
Hybrid Signal MC
Figure 5-4. Event yields for all seeds combined after requiring a lepton with     D  ﬁ :<; = in the recoiling
system. The numbers printed on each plot indicate signal yield (S) and background yield (B), both in the
signal region defined by          :<;>= .
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5.4 Selection and recoil reconstruction
To study semileptonic  decays,      the following particle selection and reconstruction techniques
are employed:
  the events with a fully reconstructed  are selected by the Semi-exclusive reconstruction described in
Chapter 4;
  charged particles and neutral clusters in the EMC are defined to assure well known efficiencies and
minimal backgrounds (see sections 2.3 and 2.4.2);
  leptons (  ) are identified using standard BABAR algorithms for electrons and muons, described in
sections 2.4.1 and 2.6;
  charged and neutral kaons are used to separate  	ﬀ  from the dominant     decays, see
sections 2.5 and 3.2;
  The hadron system,  , and the undetected neutrino,  , make up the remaining event (except for
the charged leptons) recoiling against the      . Their kinematic reconstruction is described in
Section 5.4.1.1;
5.4.1 Hadronic system reconstruction
The hadron  system is constituted from charged tracks and photons that are not associated to the      




























where   are four-momenta and the indices   and  refer to the the selected number of charged tracks,
photons. 

 reconstruction is only used for the kaon veto, no mass constraint is applied.














































, is an important estimator of the quality of the
reconstruction of the total recoil system. Any secondary particles from the decay of the hadronic  system







sizable energy loss of the leptons via bremsstrahlung or internal radiation will impact the measurement of






resonance is rather small.
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5.4.1.1 Kinematic constraints and kinematic fit
The available kinematic information of the full event is exploited by performing a 2-C kinematic fit that

















. The fit takes into account event-by-event the measurement errors of
all individual particles and the measured missing mass. The parameterization of the (pseudo-)particles
participating in the kinematic reconstruction of t he semileptonic b decays are defined as follows:













































































































































































The      candidate enters with four parameters in the kinematic fit whereas the other candidates are
described with only three fit parameters. The neutrino is assumed to be massless and unmeasured in the
kinematic reconstruction.
The kinematic fit is then based on an iterative   minimization. The external constraints are introduced
































where  is the covariance matrix,
 
 the fit vector,
 





















































































































 is an additional parameter which is included to give either a DELTA, Gaussian or a
Breit-Wigner probability variation1 of the mass constraint.
1Here only the DELTA function is considered.
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Figure 5-5. Left: Missing mass sq. of the event before (upper plot) and after (lower plot) the kinematic
fit. Due to the zero-mass hypothesis for the neutrino the missing mass of the event after the fit is within the
precision compatible with zero. Right: Mass resolution of the +   (left side) before (upper plots) and after
(lower plots) the kinematic fit. Due to the imposed equal-mass constraint, the masses of the two + mesons
are, within procession, identical after the fit.


























































where the number of degrees of freedom (NDF) is two for the Equal Mass constraint (2C fit) and three for
the B Meson Mass hypothesis (3C fit).
The distribution of the missing mass of the event,  

2
 , before and after the kinematic fit is shown in Figure
5-5. Due to the zero-mass hypothesis for the neutrino, the missing mass of the event is - per definition -
zero after the fit. Figure 5-5 shows also the mass resolution of the      and the     
2
 candidate before
and after the kinematic fit. Due to the imposed equal-mass constraint, the masses of the two  mesons are,
within precision, identical after the fit.
DANIELE DEL RE
5.4 Selection and recoil reconstruction 83





















mean reso vs true mx
Mx
Fitted Mx


















RMS reso vs true mx
Mx
Fitted Mx
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Fitted Mx


















RMS reso vs mm2
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Fitted Mx




























of the event and (right) as a function of the





Figures 5-7 and 5-6 show a comparison between the reconstructed and the kinematically fitted mass  






, in terms of both the mean and the RMS of the
distributions    















   	

. Forcing the semileptonic  events
to fulfill the constraints of energy and momentum conservation and the equal-mass hypothesis leads not
only to an improvement of the RMS of the mass resolution of the  system but also the bias is reduced.
This stability together with the overall improvements in resolution and mass bias clearly favors the fitted
kinematic quantities over the reconstructed ones.
5.4.2 Event based cuts
The event based selection criteria can be divided into three different groups according to the role they play
in the extraction of the ratio of branching fractions, namely cuts designed to







(charged lepton above minimum momentum, and
the correlation between lepton charge and  flavor)







(exactly one lepton, total charge, missing mass squared);
  reduce the     background (veto on charged and neutral kaons).
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Fitted Mx
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of the event and (right) as a function of the





The following criteria have been chosen on the basis of an optimization designed to minimize the statistical
error in the extraction of    	ﬀ  signal events. The plots for each variable were produced using
Cocktail MonteCarlo, equivalent to 250 fb
%

. All the selection cuts are applied, except the one on the
plotted variable. For the optimization plots the Generic MonteCarlo has been used.
  reconstructed  modes, cut on the purity per  	 	 #
The semi-exclusive reconstruction allows for a selection of the purity of the sample. The higher purity,
the smaller the total sample. The impact of the purity selection on the statistical error was studied on
the basis of data. In Figure 5-8 the ratio   j    is shown for events passing all selection criteria
as a function of the purity for the four charm  	 	
#
 . Discontinuities shown by the plots are due to the
addition of a single mode with quite large statistics. In Tab. 5-2 the optimal cuts are summarized.









Semileptonic  decays are identified by the presence of a high momentum electron or muon. To
reduce the backgrounds from secondary charm or 5  decays and from fake leptons, a minimum lepton
momentum in the  rest frame is required. The      to the rest frame of recoiling  is possible since





and the reconstructed  are known. The fraction of signal events removed
by this cut is about    , as shown in Fig. 5-9. Figure 5-10 shows the relative statistical error on
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single mode purity









s/sqrt(s+b) vs int purity D*
D*
single mode purity









s/sqrt(s+b) vs int purity Dc
D+
single mode purity











s/sqrt(s+b) vs int purity D*0
D*0
single mode purity











s/sqrt(s+b) vs int purity D0
D0
Figure 5-8. Statistical significance (  ﬂ    + ) as a function of the purity of the mode of the reconstructed
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pcms vub events 
b->ulnu






pcms vcb events 
b->clnu
lepton mom(GeV)






























2 to show the signal over background ratio and the discriminating
power of the variable.
p*(GeV)





















Figure 5-10. Relative error on the ratio of branching fractions as a function of the minimum lepton
momentum.
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Table 5-2. Signal yield  and  ﬂ    + per seed, as obtained from fits to the   ﬀ distribution for the
optimum choice of the purity of the sample. The fit to the signal in the 4  ﬀ distribution is performed twice,
once with a Crystal Ball function and once with a Gaussian resolution function.
number of leptons







nle vub events 
b->ulnu
number of leptons








nle vcb events 
b->clnu
number of leptons




























2 to show the signal over background ratio
and the discriminating power of the variable.
theoretical uncertainty in the small fraction of the spectrum lost by this cut is expected to be small.
  Number of leptons,   


In      transitions a second lepton is very frequent due to cascade decays of the charm particles.
In contrast, in     decays, secondary leptons are very rare. Thus for the     signal sample















which is dominated by      , events with additional leptons are then
accepted. The number of detected leptons per event is shown in Figure 5-11.
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1K2 and one or more for

, ? 1K2 ) on




2 events (middle) and number
of background events (right) as a function of the  	 .
The impact of the requirement for one and only one lepton above the momentum cut-off on both the
signal and background and the impact on the statistical error is illustrated in Figure 5-12. There is




. The cut at 1 -
 .

 is chosen since it minimizes the
uncertainties in the lepton identification, background estimate and theoretical uncertainty.
  Lepton Charge and  Flavor Correlation.































refers to the  -quark charge and

 to the lepton charge in the semileptonic decay). For charged 
mesons, this condition is imposed, for neutral  both combinations are retained, since in mixed events
the  flavor is changed.



























 is imposed. This cut rejects the events with a missing charged
particle, it also reject events with an additional charged particle due to   	  	
%
conversions,  -rays,
or tracking errors. The cut (see Figure 5-13), rejects preferentially      events, because of their




Figure 5-14 shows the variation of signal and background as a function of the total measured charge























worsens the relative statistical error and it reduces the signal-to-background ratio
significantly.
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total event charge







qtot vub events 
sub_qtotvub
Nent = 627    
Mean  = -0.01276
RMS   = 0.4656
Under =      0
Over  =      0
Integ =    627
b->ulnu
total event charge








qtot vcb events 
sub_qtotvcb
Nent = 8973   
Mean  = 0.01159
RMS   = 0.7278
Under =      0
Over  =      1
Integ =   8972
b->clnu
total event charge


























2 to show the signal over background ratio and the discriminating
power of the variable.
Q cut (|Q|<Qcut)



































































2 events (middle) and
number of background events (right) as a function of the total charge requirement. The three bins refer to
samples with        ,       	   ﬁ , and            .
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mm2 vcb events 
b->clnu
missing mass squared (GeV^2)
































2 to show the signal over background ratio and the discriminating
power of the variable..
In semileptonic  decays the only undetected particle should be the neutrino. Thus a cut on the
missing mass is a very powerful tool to reject events in which one or more particle is undetected




distribution is much broader and
extends to higher values for      decays, thus a cut results in a valuable suppression of this













.     events with a low value of the hadronic mass   , that represent the most severe






. However, a very tight cut introduces a




resolution in the data and MonteCarlo
simulations. A very loose cut will result in poor signal-to-background ratios and thus unacceptable
statistical and systematic errors in the subtraction of the background.







The rejection of the events with a detected kaons in the recoil system is a powerful tool to veto
background, since      events are basically free of kaons, whereas 90  of charmed mesons
decays involved kaons. Both, the number of identified charged kaons and the number of detected  
are required to be zero (see Figure 5-17, 5-18).
Studies show that EMC and IFR information does not permit the identification of 
	
with a sufficient
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Mv^2 upper cut(GeV^2)




























































2 events (middle) and






On the basis of this kaon veto, two data samples are defined:










Tab. 5-3 summarizes the selection criteria. The resulting fitted   distribution for   ﬂ signal and
    background after all selection cuts are shown in Fig.5-19. The efficiencies of these cuts (not
including  reconstruction efficiency) are shown in Table 5-4. Figures 5-21 and 5-20 show the total
efficiency for     and     as a function of the generated and measured   .
5.5 Data-Montecarlo comparison
A good description of the relevant variables by the MonteCarlo simulation is important for this inclusive
analysis.
Figures 5-22–5-26 show comparisons of various variables for data and MC simulations, both Generic and
Cocktail . Although some differences are observed, the overall agreement is good. Where differences are
seen the induced systematic effects are studied and they are discussed in Chapter 6.
The spectra in Figures 5-22–5-26 have been background-subtracted with the appropriate 
  sideband
distribution. As explained in Section 5.4, the event samples are divided into signal depleted and signal
enhanced subsets based on the absence and presence of charged and neutral kaons, respectively. The
histograms are normalized to equal area. Each pair of histograms is tested for compatibility with two
methods: (i) Kolmogorov Test and (ii)   test. The results of both tests are printed in the upper left corner
of each plot.
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number of charged Kaons







kp vub events 
b->ulnu
number of charged Kaons











kp vcb events 
b->clnu
number of charged Kaons































2 to show the signal over background ratio and the
discriminating power of the variable.
number of Ks







ks vub events 
b->ulnu
number of Ks







ks vcb events 
b->clnu
number of Ks





























2 to show the signal over background ratio and the
discriminating power of the variable.
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Table 5-3. Selection criteria for






















  candidate per-mode purity cuts per-mode purity cuts
Minimum lepton momentum










Number of charged leptons                    



















































and     

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mxhadfit vub events 
b->ulnu







mxhadfit vcb events 
b->clnu
Mx(GeV)

























2 to show the signal over background ratio and the discriminating power of the
variable.
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-enhanced and -depleted samples.
Efficiency Data All Gen B B cocktail ﬂ	 MC
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 depleted, single cuts
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Mx(GeV)













































efficiency vub events 
Mx(GeV)

















efficiency vub events 
Figure 5-20. Illustration of the sensitivity to high-mass states: Top: the signal 4   distributions with and
without analysis cuts applied, measured (left) and generated (right). Bottom: the total efficiency for detecting
+ , - / 1K2 events as a function of 4   , measured (left) and generated (right).
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efficiency vcb events 
Figure 5-21. Illustration of the sensitivity to high-mass states: Top: the signal 4   distributions with and
without analysis cuts applied, measured (left) and generated (right). Bottom: the total efficiency for detecting
+ , -
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Figure 5-22. Charged lepton spectra (side-band subtracted) in generic/cocktail MC and data for     enhanced (top row) and depleted
(bottom row) event samples. The first column on the left displays the electron spectrum without any event cuts, the second column shows the
same spectrum after all cuts. The third column shows the muon spectrum without any event cuts, the fourth column shows the same spectrum
after all cuts.  and 






















































































































































































42.3/  9 (0.000)





























30.4/  9 (0.000)

































20.9/  9 (0.331)































10.5/  9 (0.212)
















Figure 5-23. Charged hadron and photon spectra (side-band subtracted) in the recoil in generic/cocktail MC and data for
   
 enhanced
(top row) and depleted (bottom row) event samples. The first column on the left displays the hadron momentum spectrum without any event cuts,
the second column shows the same spectrum after all cuts. The third column shows the photon energy spectrum without any event cuts, the fourth
column shows the same spectrum after all cuts.  and








































26.7/  8 (0.193)
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15.1/  8 (0.531)








































4.9/  7 (0.626)


















































































































































































 enhanced (top row) and depleted
(bottom row) event samples. The first column on the left displays the charged track multiplicity without any event cuts, the second column shows
the same distribution after all cuts. The third column shows the photon multiplicity without any event cuts, the fourth column shows the same
distribution after all cuts.  and 

























































































































































































































































































Figure 5-25. Hadronic recoil invariant mass spectra (side-band subtracted) in generic/cocktail MC and data for
    
 enhanced (top row)
and depleted (bottom row) event samples. The first column on the left displays the reconstructed  

spectrum without any event cuts, the
second column shows the same spectrum after all cuts. The third column shows the kinematically fitted  

spectrum without any event cuts, the
fourth column shows the same spectrum after all event cuts.  and

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Figure 5-26. Missing mass squared and total charge distributions (side-band subtracted) in generic/cocktail MC and data for     enhanced
(top row) and depleted (bottom row) event samples. The first column on the left displays the      spectrum without any event cuts, the second
column shows the same spectrum after all cuts. The third column shows the total charge in the event without any event cuts, the fourth column
shows the same distribution after all cuts.  and 

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5.6 Background composition
The composition of the background in the region   	  \     -
 .
has been studied in detail by using
Monte Carlo simulation events. The following main sources of background have been identified
  Undetected 

 : because of the difficulties in discriminating with high efficiency and low misiden-
tification the energy deposited by a 

 from the photons in the EMC and from split-offs from
charged cluster in IFR and EMC no attempt has been made in order to veto 

 in this analysis.













is very effective in rejecting events with   , since the undetected






value. Cutting on LAT also reduces the background contamination
from 











of the total 

background, and  	 \  )  \ +


of the total   one.
  Undetected 





















of the low  background respectively for 









are not identified, although the detected energy of the  

s contributes to the total reconstructed energy.


























s and  s.
  Unidentified   : when charged kaons have been misidentified, the pion instead of the kaon mass is
used, leading to a small underestimation in the   calculation. The fraction of background events



































s and  s background.
  Secondary Leptons: leptons from secondary charm decays contribute to  \  ) 	 \ 






and   s background.
The background sources listed above account for   \ 	 ) + \ 













total background at low   . The remaining  	 \ 	 ) 	 \ 	








to the experimental resolution.
The  breakdown for the various categories listed above is summarized in Tab.5-5.
5.7 Measurement technique
5.7.1 Basic concepts
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Background Type # events Fraction # events Fraction
missed 

 62  \ 	   + )  \ 
%
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secondary leptons 22  \  Z )  \  	  29  \   + )  \  	





,+(+ 273  \   	 )  \ ,+ 
Other background 30  \  	   )  \  	 37  \  		 )  \  		





















in the signal enhanced sample (i.e. including the cut on the number of kaons). The
extraction of the remaining background 
@





















 is the number of events with at least one charged lepton passing the charge-



















is the efficiency of the   cut that depends on the theoretical parameter of the Fermi motion.










 are the efficiencies for the reconstruction of      in      and    	*  events,
respectively.
In the following, the extraction of the signal events   	 is described and the results are discussed. The tests
and validations performed to make sure that the fitting procedure is correct are presented in Section 5.7.5.
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5.7.2 Extraction of the signal events:   	
The event sample for    	*  selected by the criteria described in Section 5.4 contains sizable back-












	 , with 	  	  , is extracted from a binned


fit to the measured   distribution. A binned likelihood technique is not correct here because this would
impose a Poisson distribution and therefore Poisson errors on the individual bins, instead of the actual errors.
Three sources of background are considered:
  combinatorial background: events for which the      candidate does not originate from a  meson.
This component includes background from continuum. This background is subtracted for each bin in
 using a fit of the measured 
  distribution to the sum of a Crystal Ball function and an ARGUS
function. This is the reason why the error in each bin is not poissonian but it corresponds to the actual
error from the 
  fits.
 
    background: events for which the     
2
 is a semileptonic  decay.
 
”other” backgrounds: events from all the other sources: misidentified leptons,  5   events,
secondary charm decays which pass the lepton flavor correlations (         ) and any other.






, is fit bin-by-bin to the sum of three distributions, the signal   	
2
,
the     background,   
2






























their shapes are derived from MonteCarlo simulation and their relative normalization is determined by a






































































are the corresponding errors com-
ing from the 


fits for data and MonteCarlo models respectively.   	 ,    and     are the normalizations
of the three components which are free parameters of the fit. The first bin is chosen to contain all events


























. For each component the MonteCarlo is properly adjusted and reweighted in order to match the
ratio of charged and neutral       events in the data.











as shown in Figure
5-27, plots 1-10. The gaussian fit parameters are obtained from a fit to the full sample (no   regions)
and then fixed in each fit. The ARGUS parameters are floated in each fit. The last plot shows the







, for each bin in   .
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S =  129.0 +/-  12.6
B =   18.8 +/-   5.6
m =    2.86
s = 5280.06 
chi2 =   35.10 
 Mx < 1.55


















S =  174.4 +/-  16.2
B =   50.1 +/-  10.2
chi2 =   56.10 
 1.55 < Mx < 1.9

















80 S =  223.8 +/-  16.6
B =   34.6 +/-   7.2
chi2 =   43.06 
 1.9 < Mx < 2.2


















S =   95.6 +/-  11.3
B =   20.7 +/-   5.3
chi2 =   29.30 
 2.2 < Mx < 2.5


















S =   32.9 +/-   7.1
B =   12.7 +/-   4.2
chi2 =   24.73 
 2.5 < Mx < 2.8















S =   19.5 +/-   6.2
B =   12.3 +/-   4.5
chi2 =   17.50 
 2.8 < Mx < 3.1















12 S =   23.4 +/-   5.7
B =    6.5 +/-   3.2
chi2 =   10.26 
 3.1 < Mx < 3.4


















S =   12.1 +/-   4.3
B =    3.7 +/-   2.1
chi2 =    8.08 
3.4 < Mx < 3.7

















S =    1.7 +/-   2.6
B =    4.5 +/-   2.3
chi2 =    2.36 
 3.7 < Mx < 4.3























data events b0 os
Figure 5-27. Generic MC: an example of fits to    distributions for selected bins in 4   (plots 1-10).
The last plot shows the resultant distribution,   /     D

, for each bin  in 4   .
  the result of the 

fit to the   distribution is illustrated in Figure 5-27. On the left, the data are
compared to fit, indicating the three contributions, signal   	   	
2









The plot in the middle shows the same comparison with a finer binning in the low   region. On the



















2 ), is shown.
5.7.2.1 Mixing correction
For charged  mesons the charge of the direct lepton from a semileptonic decay is exactly correlated with





mixing needs to be
taken into account.
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2 (blue) and all (red) shapes superimposed. Middle: same as in the left plot with
the finer binning. Right: 4   distribution subtracted of the backgrounds (binning as in the middle plot).
If the sample was made only of direct and cascade leptons from  decays, the right (   ) and wrong sign




























 'Z [31] is the mixing parameter. The contributions from cascades would be subtracted in an






















In the reality there are events which do not contain any lepton and events that contains two  mesons and
can therefore have a right sign lepton even if it is not direct. These components are neglected in the sense
that equation 5.13 is applied for each of the three model components, signal,     and    	 and for
data. This approach is unbiased, albeit not necessarily optimal, under all assumptions on the background
composition. In Figure 5-29 the   distribution for the    	 component is shown for   , same and
wrong sign 

and the combined distribution.
5.7.2.2   cut optimization
The parameter  	  , i.e. the value of   used to separate the signal region from the background, is chosen



















contributions to the error were considered:
  the statistical error that was evaluated using MonteCarlo samples that were rescaled to the statistics
of the data. This way a bias on the central value of the measurement was avoided.
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Figure 5-29. OTHER COMPONENT. Upper left: 4   distribution for +  . Upper right: 4  distribution
for +  right sign. Bottom left: 4  distribution for +  wrong sign. Bottom right: combined results applying
the mixing correction.
  the error due the modeling of the ﬁ    background (see Sections 6.10)
  the remaining experimental uncertainties dependent on   , that corresponds the tracking, neutral
reconstruction, kaon identification and 

 systematics.
  the theoretical uncertainty coming from the extrapolation of the   distribution above  	  . The
impact of the uncertainty in two parameters, 
  and O are considered, see Section 6.11.1.








. The stability of the result as a function of   (see 6.12) showed that the resolution is probably
not perfectly known (in particular for the   case). Since this effect starts to be important above 1.6 -  . ,
a cut at 1.55 -
 .
has been chosen. The change in the total error is negligible with respect to the optimal
point but it is much less affected by resolution effects.
It has to be noted that many of the studies are performed for   	  \ + , the value set prior to this
optimization study.
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as a function of 4  /   , for each specific individual
contributions: the statistical error, the

, ? 1K2 modeling uncertainty, the remaining systematics and the
theoretical uncertainties in   and  , as well as the sum in quadrature of all these contributions.
5.7.3 Extraction of semileptonic events:   







is obtained from the number of selected semileptonic decays by a fit
to the 
  distribution, after correcting the neutral  sample for the effect of mixing (as discussed in
5.7.2.1). The result of the fit on data is shown in Figure 5-31. Any residual background is estimated with a

























is then determined from the





















The factor       	 represents the ratio of the efficiencies for finding a semi-exclusive      in events with
a semileptonic decays in the recoiling  , for      and    	   decays respectively Based













MonteCarlo statistics as a systematic error.






is the ratio of efficiencies of the lepton momentum cut on     and   	  
decays. This ratio differs from the unity because of the different spectra for    	ﬀ  and  

 
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S = 32490.8 +/- 295.9
B = 12081.4 +/- 429.0
m =    3.23 +/-  0.03
s = 5280.04 +/-  0.03
chi2 =  162.05 



































. These efficiencies were estimated for both
Cocktail and Generic MonteCarlo, the difference is used to estimate the systematic uncertainty.












 ,+ is determined from a  	 Generic MonteCarlo sample.
5.7.5 Fit validations
5.7.5.1 Toy MonteCarlo
In order to check that the statistical error is properly estimated in the fit, a toy MC procedure has been setup:





  each bin is randomized in a Poisson way around the original value in the bin
  the whole fitting procedure is iterated
This procedure does not tell anything about analysis biases introduced before the selection, so that only the
resolutions have been considered. Fig. 5-32 shows that the error returned by the fit is correct at the 2% level.
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mean = 0.0183 +/- 0.0001
sigma = 0.0024 +/- 0.0001
chi2 =    1.67 
pull













mean = -0.0572 +/- 0.0304
sigma = 0.9408 +/- 0.0216
chi2 =    1.38 
Figure 5-32. Distribution of the results of the toy MC trials (left) and distribution of the result, subtracted
by the true value and divided by the error.
5.7.5.2 Fit on control samples
As a cross-check the full analysis on the available Generic MonteCarlo has been performed. The statistics
corresponds to  G  fb
%

and the generated value for the ratio of branching ratios is  \   	 . Figure 5-28










































a value compatible with the input value. If this result is scaled to the number of reconstructed  mesons in
the data sample, and assuming the   
@
value for this ratio, a relative error of 
 
is expected.
A second, higher statistics fit is performed on a sample of  	    fb
%

of cocktail MonteCarlo events. The









































compatible with the input value of 0.0116 (slightly different from the Generic MonteCarlo value since it
contains more pure resonant   
 MonteCarlo). The breakdown in the various subsamples for the
Generic MonteCarlo is shown in Table 5-6
5.7.5.3 Fit to the signal depleted sample
A useful cross-check can be performed on the    depleted sample. On this sample the ratio    is














will have much larger errors. On the other hand, the
DANIELE DEL RE
5.8 Results 111





































































































































































































































































































































large fraction of background events allows for check on resolution effects and can be used to check whether
the shape of the   distribution is well understood. The fit on the depleted sample has been performed on
data. All the results are summarized in Table 5-7. The resulting ratios of branching ratios confirm within
errors the expected result.
5.8 Results
Figures 5-33, 5-34, 5-35, 5-36 and 5-37 and show the fit results for data. The agreement in the background
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S =  170.8 +/-  15.7
B =   52.9 +/-   9.3
m =    2.86
s = 5280.06 
chi2 =   35.38 
 Mx < 1.55

















S =  311.4 +/-  20.6
B =   75.8 +/-  10.8
chi2 =   53.91 
1.55 < Mx < 1.9

















S =  271.1 +/-  20.1
B =   95.6 +/-  12.2
chi2 =   32.36 
1.9 < Mx < 2.2
















S =   94.4 +/-  13.6
B =   86.5 +/-  10.7
chi2 =   34.14 
2.2 < Mx < 2.5















S =   24.1 +/-   9.4
B =   70.6 +/-   8.9
chi2 =   38.41 
 2.5 < Mx < 2.8
















35 S =   32.9 +/-   9.4
B =   69.5 +/-   8.3
chi2 =   46.40 
 2.8 < Mx < 3.1

















S =   15.4 +/-   9.4
B =   86.4 +/-   9.8
chi2 =   41.30 
3.1 < Mx < 3.4
















S =    8.5 +/-   7.4
B =   79.6 +/-   9.9
chi2 =   35.58 
3.4 < Mx < 3.7




















S =    4.4 +/-   4.1
B =   52.1 +/-   8.3
chi2 =   57.22 
3.7 < Mx < 4.3














 Mx > 4.3
Mx(GeV)

































 Mx < 1.55
S =  100.6 +/-  11.2
B =   17.3 +/-   5.3
m =    2.86
s = 5280.06 
chi2 =   29.19 















S =  123.4 +/-  12.8
B =   27.9 +/-   6.6
chi2 =   55.91 
 1.55 < Mx < 1.9


















45 S =  108.8 +/-  12.5
B =   35.6 +/-   7.4
chi2 =   22.81 
 1.9 < Mx < 2.2
















S =   46.6 +/-   8.9
B =   28.9 +/-   6.4
chi2 =   45.14 
2.2 < Mx < 2.5


















S =   23.9 +/-   6.2
B =   14.3 +/-   3.7
chi2 =   40.71 
 2.5 < Mx < 2.8















12 S =    8.4 +/-   6.3
B =   33.8 +/-   6.8
chi2 =   17.78 
 2.8 < Mx < 3.1















12 S =   12.7 +/-   6.1
B =   21.6 +/-   5.2
chi2 =   27.23 
 3.1 < Mx < 3.4














10 S =    9.2 +/-   4.8
B =   16.6 +/-   4.0
chi2 =   42.34 
 3.4 < Mx < 3.7















S =    1.4 +/-   1.4
B =   15.0 +/-   4.6
chi2 =   28.60 
 3.7 < Mx < 4.3














 Mx > 4.3
Mx(GeV)









data events b0 os
Figure 5-34. DATA SIGNAL ENRICHED: Fits to the    ﬀ distributions in bins of 4  for +  right sign.
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S =   22.3 +/-   5.5
B =    6.4 +/-   2.6
m =    2.86
s = 5280.06 
chi2 =   20.74 
Mx < 1.55
















14 S =   16.1 +/-   6.4
B =   19.8 +/-   5.6
chi2 =   34.43 
 1.55 < Mx < 1.9




















S =   28.3 +/-   6.5
B =   14.2 +/-   3.9
chi2 =   34.75 
1.9 < Mx < 2.2
















S =   11.9 +/-   5.3
B =   17.6 +/-   4.5
chi2 =   39.45 
2.2 < Mx < 2.5
















S =   16.4 +/-   5.7
B =   13.1 +/-   3.7
chi2 =   41.11 
2.5 < Mx < 2.8

















S =    6.4 +/-   5.1
B =   23.8 +/-   5.2
chi2 =   52.35 
2.8 < Mx < 3.1


















S =   18.4 +/-   6.4
B =   27.8 +/-   5.8
chi2 =   36.31 
3.1 < Mx < 3.4
















S =    7.9 +/-   4.8
B =   18.3 +/-   4.3
chi2 =   52.33 
3.4 < Mx < 3.7


















S =    6.9 +/-   4.8
B =   11.5 +/-   4.0
chi2 =   16.43 
3.7 < Mx < 4.3
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data events b0 ss























data events b0 os
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Figure 5-36. DATA SIGNAL ENRICHED. Upper left: 4   distribution for +  . Upper right: 4 
distribution for +  right sign. Bottom left: 4  distribution for +  wrong sign. Bottom right: combined
results applying the mixing correction.
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Figure 5-37. DATA SIGNAL ENRICHED: 
A





2 (blue) and all (red) shapes superimposed. Middle: same as in the left plot with




Table 5-7, Fig. 5-38 and Figures 5-40 - 5-48 show the results on the signal enriched sample for a variety of
subsamples: charged and neutral  mesons, electrons and muons, Run1 and Run2, and for different level of
Semi-exclusive reconstruction purity. Table 5-7, Fig. 5-39 and Figures 5-49 - 5-62 show the same results
on the depleted sample. All results are compatible.
Table 5-7. Summary of the fit parameters for signal-enhanced and signal-depleted data , on the full
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Figure 5-38. Summary of the results on the ENRICHED SAMPLE.
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Figure 5-39. Summary of the results on the DEPLETED SAMPLE.
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Figure 5-40. DATA SIGNAL ENRICHED, ELECTRON SAMPLE:  A fit to the 4   distribution.
Mx(GeV)





































Figure 5-41. DATA SIGNAL ENRICHED, MUON SAMPLE: 
A
















































Figure 5-42. DATA SIGNAL ENRICHED, +  SAMPLE:  A fit to the 4   distribution.
Mx(GeV)














































fit to the 4   distribution.
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Figure 5-44. DATA SIGNAL ENRICHED, RUN 1:  A fit to the 4   distribution.
Mx(GeV)








































Figure 5-45. DATA SIGNAL ENRICHED, RUN 2: 
A
















































Figure 5-46. DATA SIGNAL ENRICHED, INTEGRATED PURITY    :  A fit to the 4   distribution.
Mx(GeV)














































Figure 5-47. DATA SIGNAL ENRICHED,     INTEGRATED PURITY     :  A fit to the 4  
distribution.
Mx(GeV)





































Figure 5-48. DATA SIGNAL ENRICHED, INTEGRATED PURITY     : 
A
fit to the 4   distribution.
MEASUREMENT OF  	,#
124 Measurement of  	,#















60 S =  128.1 +/-  14.0
B =   49.5 +/-   9.1
m =    2.86
s = 5280.06 
chi2 =   51.29 
 Mx < 1.55
















S =  670.2 +/-  30.7
B =  141.5 +/-  17.9
chi2 =   53.77 
1.55 < Mx < 1.9



















S = 1095.2 +/-  39.5
B =  245.3 +/-  23.5
chi2 =   31.46 
1.9 < Mx < 2.2

















S =  321.9 +/-  23.2
B =  156.2 +/-  15.6
chi2 =   44.59 
2.2 < Mx < 2.5
















70 S =  137.0 +/-  15.7
B =  102.9 +/-  11.3
chi2 =   32.91 
 2.5 < Mx < 2.8



















S =   59.4 +/-  12.1
B =   96.2 +/-  10.6
chi2 =   55.92 
2.5 < Mx < 2.8


















S =   28.0 +/-  11.6
B =  120.3 +/-  11.9
chi2 =   37.05 
2.8 < Mx < 3.1


















S =   14.8 +/-  10.6
B =  112.3 +/-  11.7
chi2 =   41.43 
3.1 < Mx < 3.4




















S =   10.7 +/-   8.6
B =   65.4 +/-   9.7
chi2 =   47.39 
3.4 < Mx < 3.7














 Mx > 4.3
Mx(GeV)





























S =   63.2 +/-   8.8
B =    9.8 +/-   3.8
m =    2.86
s = 5280.06 
chi2 =   16.55 
Mx < 1.55




















S =  208.7 +/-  15.8
B =   24.6 +/-   6.4
chi2 =   43.21 
1.55 < Mx < 1.9


















S =  385.0 +/-  22.1
B =   54.1 +/-  10.5
chi2 =   42.85 
1.9 < Mx < 2.2


















S =  169.2 +/-  14.9
B =   35.7 +/-   7.2
chi2 =   54.01 
2.2 < Mx < 2.5


















S =   82.4 +/-  10.9
B =   26.9 +/-   5.8
chi2 =   56.35 
2.5 < Mx < 2.8























S =   43.6 +/-   8.8
B =   30.1 +/-   6.2
chi2 =   22.35 
2.8 < Mx < 3.1



















S =   16.3 +/-   6.9
B =   34.2 +/-   6.5
chi2 =   38.23 
3.1 < Mx < 3.4


















S =   15.9 +/-   6.0
B =   23.3 +/-   5.0
chi2 =   20.54 
3.4 < Mx < 3.7

















S =    9.7 +/-   5.4
B =   19.4 +/-   5.3
chi2 =   27.91 
3.7 < Mx < 4.3














 Mx < 4.3
Mx(GeV)










data events b0 os
Figure 5-50. DATA SIGNAL DEPLETED: Fits to the    ﬀ distributions in bins of 4  for +  right sign.
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S =   20.9 +/-   5.1
B =    4.6 +/-   2.3
m =    2.86
s = 5280.06 
chi2 =   13.49 
Mx < 1.55






















S =   57.3 +/-   8.4
B =    8.4 +/-   3.4
chi2 =   12.76 
1.55 < Mx < 1.9


















S =   91.5 +/-  10.4
B =   12.6 +/-   3.8
chi2 =   24.34 
1.9 < Mx < 2.2






















S =   39.8 +/-   8.5
B =   28.1 +/-   6.1
chi2 =   19.13 
2.2 < Mx < 2.5




















S =   36.7 +/-   7.3
B =   16.5 +/-   1.8
chi2 =   42.32 
2.5 < Mx < 2.8




















S =   31.2 +/-   7.7
B =   25.5 +/-   5.8
chi2 =   48.62 
2.8 < Mx < 3.1






















S =   33.2 +/-   8.0
B =   30.5 +/-   6.0
chi2 =   80.20 
3.1 < Mx < 3.4



















S =   19.6 +/-   7.0
B =   32.0 +/-   6.2
chi2 =   37.69 
3.4 < Mx < 3.7














10 S =   11.4 +/-   6.3
B =   24.2 +/-   6.2
chi2 =   33.77 
 3.7 < Mx < 4.3
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Figure 5-52. DATA SIGNAL DEPLETED. Upper left: 4   distribution for +  . Upper right: 4 
distribution for +  right sign. Bottom left: 4  distribution for +  wrong sign. Bottom right: combined
results applying the mixing correction.
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Figure 5-54. DATA SIGNAL DEPLETED, ELECTRON SAMPLE:  A fit to the 4   distribution.
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Figure 5-55. DATA SIGNAL DEPLETED, MUON SAMPLE: 
A
fit to the 4   distribution.
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Figure 5-56. DATA SIGNAL DEPLETED, +  SAMPLE:  A fit to the 4   distribution.
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Figure 5-58. DATA SIGNAL DEPLETED, RUN 1:  A fit to the 4   distribution.
Mx(GeV)










































Figure 5-59. DATA SIGNAL DEPLETED, RUN 2: 
A
fit to the 4   distribution.
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Figure 5-60. DATA SIGNAL DEPLETED, INTEGRATED PURITY    :  A fit to the 4   distribution.
Mx(GeV)









































Figure 5-61. DATA SIGNAL DEPLETED,     INTEGRATED PURITY     :  A fit to the 4  
distribution.
Mx(GeV)







































Figure 5-62. DATA SIGNAL DEPLETED, INTEGRATED PURITY     : 
A




The lepton momentum spectrum in the  rest frame for   
 events can be obtained by background
subtraction using the same technique used for the   spectrum. In the following plots the spectrum for
events below the   threshold (   	  \     -  . ) are shown for different subsamples. The scale factors
for the background components are taken from the fit to the   distribution. The disagreement between
the subtracted spectrum and the MonteCarlo model is evident in the full sample and in all the subsamples.
This effect is discussed in section 6.12.




























2 (blue) and all (red) shapes superimposed. Right: lepton spectrum distribution
subtracted of the backgrounds.
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Figure 5-64. DATA SIGNAL ENRICHED, ELECTRON SAMPLE: lepton spectrum.


























Figure 5-65. DATA SIGNAL ENRICHED, MUON SAMPLE: lepton spectrum.
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Figure 5-66. DATA SIGNAL ENRICHED, +  SAMPLE: lepton spectrum.

























Figure 5-67. DATA SIGNAL ENRICHED, +

SAMPLE: lepton spectrum.
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6Systematic Uncertainties
In this inclusive analysis a large set of systematic uncertainties have to be taken into account. The detector
effects, the branching ratios estimates and the theoretical uncertainties could affect the measurement and
need to be studied.
In the following, the possible systematic effects that can impact the individual ingredients of the branching













































































is the result of a fit to the 
  distribution and it is therefore affected by its quality.
 
 







is determined by a fit to the 


distribution and therefore sensitive












	 is determined by a fit to the   distribution. It is therefore
sensitive to the MC modeling: the simulation of the kaon identification, the reconstruction of tracks,
photons and 
	





 . Since the background from secondary charm is already accounted for (Section 5.7.2.1), the
remaining background comes from misidentified leptons. The dominant source of systematic uncer-







. The selection efficiency for    	   events is extracted from the MC simulation. It is
sensitive to the quality of the simulation of the reconstruction of tracks and neutral particles and to the
identification of charged and neutral kaons. The two quantities that are most sensitive to the details










The efficiency is also affected by the modeling of the  	 system, in particular the charged and neutral






. The fraction of    	ﬀ  decays with   	  	  is derived from a theoretical model. The





. The uncertainties in the lepton identification cancel to a large degree in the ratio of branching
ratios, but the dependency on the correctness of the spectra remains. The shape of the    	  
spectrum has to be taken from a theoretical model but it is largely correlated with the the   spectrum




































Figure 6-1. Integrated purity for Cocktail MC (left), Generic MC (middle) and data (right), that is an





. A possible bias introduced by the selection of the Semi-exclusive reconstruction for the two
classes of events could give rise to systematic effects.
6.1   composition and   - 
 
crossfeed
The fact that the MC does not fully reproduce the data introduces possible differences in the      sample
composition, in terms of correctly and incorrectly reconstructed modes. This effect can have an impact on
the analysis in several ways. First of all the individual decays modes, depending on the multiplicity, may
have different resolution in the kinematic quantities so that a difference in the      composition might also
result in a different resolution. Similarly the ratio of efficiencies       	 could be mode dependent and a not
well reproduced composition could give a different ratio. Finally the cross-feed among the reconstructed
modes and between 

and   could be different in data and in MonteCarlo samples.
In order to minimize the impact of this effect the Generic MonteCarlo was used to model the data since the
Cocktail MonteCarlo reproduce only a few very clean modes (Fig6-1). However the effect is small and this
was confirmed in many tests.
The measured quantities have been compared for simulations between the full Generic and the Cocktail
MonteCarlo and the observed differences have been found to be negligible. Moreover studies of the impact









as a function of the purity of the      sample. Figure 6-2 shows the dependency of the result on the cut on
the a priori integrated purity, that is an indicator of the sample composition. The result is insensitive to the
cut within the errors. A similar test is the fit in bins of integrated purity previously shown in Tab.5-7 and in
Figures 5-46,5-47,5-48. All the numbers are compatible within the statistical error. Figure 6-1 shows the
difference between data and Generic MonteCarlo in the integrated purity variable. The analysis was also
repeated with a re-weighting that enforced the same distribution of the purity of the modes. The change in











































































Figure 6-2. Left: 
/
 D  
result as a function of the minimum (top) and the maximum (bottom) integrated
purity. Right: difference to the default analysis working point with uncorrelated errors shown.
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  distribution (all cuts applied) for crossfeed events compared with the total sample.
Left plot corresponds to +  s, right to +

s.




cross-feed. In Fig.6-3 the fitted   shapes for the cross-
feed events is shown. The amount of these events corresponds to  \  )  \ +  for 

s and  \ ' )  \   for


’s. In order to check the impact of this effect, the data events were fitted using MonteCarlo model with
and without cross-feed. The results are consistent.
Finally, since all the effects are negligible and they were expected to be small, no systematic uncertainty is
assigned to the      composition.
6.2 Fit to the   distribution
In the fits to the 


distributions the parameters other than the yields are fixed to values extracted from
control samples. To estimate the systematic uncertainty due the choice of these parameters, their values are





Different models have been used for the 


signal shape, the Gaussian function instead of the Crystal Ball
function. The difference between the results obtained for the two fit functions (3%) is taken as systematic
error.
For the extraction of   	 , the hypothesis that the parameters are the same for the   	   	  range and the
whole spectrum has been tested on MC simulated samples.
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The uncertainty on the ratio of       tagging efficiencies        	 is estimated to be 3.5% (see Section 5.7.4).
6.4 Track reconstruction









In addition, there is a small fraction of tracks that are duplicated and a single particle results in two measured
tracks, and any differences between data and MonteCarlo simulation may lead to a distortion of the  
distribution.
The tracking efficiencies are well reproduced by the MonteCarlo simulations and the charged track spectrum
is in agreement between data and MonteCarlo as shown in Fig.5-23. Same agreement has been obtained








events, with one tau
decaying leptonically and the other to three charged hadrons (plus an arbitrary number of neutrals) are






cross section is 0.94
%
and the branching fraction to  + 3 hadrons is 11% so this sample allows large statistics tests. On the other
hand the momentum distribution of tracks from 5 decay is similar to that in  decays. Data and MonteCarlo
efficiencies are in good agreement within the statistical errors. The difference, taken as a systematics, has















are selected as a control sample. A method based on the angle between the    direction of motion in the

 
frame and the direction of motion of the 

is used. The agreement data-MonteCarlo is good and a
difference in efficiency of  \  is observed (Fig.6-4). As a consequence of these studies no correction on
the MonteCarlo is applied. An estimate of the tracking systematics is then performed removing tracks with







and with a probability of 1.6% (sum in quadrature of 0.9% and














Differences between data and MonteCarlo simulation in the photon detection efficiency and resolution, as





The spectrum of the neutrals is well reproduced in MonteCarlo, as shown by the Fig 5-23.
A different control sample is used to check for disagreements both in efficiency reconstruction and energy











events are selected identifying the decay 5  	  . The recoiling 5 is



















is computed both for data and MonteCarlo
as a function of the  

energy in order to evaluate possible differences in efficiency. The agreement has
been found to be good and the ratio is compatible with the unity in the full range. The resolution has been
studied taking  

s from both 5    







mass is fitted in energy bins
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0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
Figure 6-4. Relative efficiency for Monte Carlo (histogram) and for data (dots) for the soft pions as a
function of the momentum.













Table 6-1. Smearing factor in different neutral energy bins.
and the resolution ( ﬃ using a gaussian fit) is then compared between data and MonteCarlo. The MonteCarlo
resolution is changed applying a smearing factor such to be identical to data. The resulting smearing factors
are shown in Tab.6-1.





. The systematics corresponds to 3.1%.
6.6 Lepton identification
The systematic uncertainties related to lepton identification are evaluated in the following way. Lepton
identification efficiencies and misidentification probabilities are derived from control samples. For electron
















    . Muons with
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The results on data are shown in Fig.2-9 (electrons) and 2-16 (muons). The statistical and sistematic
errors from the data-MonteCarlo comparison are used to compute the systematic uncertainties. Each bin
(as a function of the momentum and polar angle) is shifted by ) 	 for efficiency and by )    for




is taken as a systematic
uncertainty. Also the effect of the time dependence is studied by using efficiency corrections for different
time periods.
The resulting systematic effects correspond to 3.5% for electron and 3.8% for muon identification.
6.7 Charged kaon identification
The systematics associated with kaon identification efficiency and misidentification probabilities (shown in
Fig.2-14) are obtained with the same technique used for lepton identification. Kaon and pion samples are





    . Each bin (as a function of the momentum and polar
angle) is shifted by ) 	 for efficiency and by )    for misidentification.
The systematics effect is 3%.
6.8    reconstruction
In this analysis 

 identification is not applied, since the calorimeter and IFR information do not allow for
it with a sufficient degree of purity. While no 

 rejection is done, the amount of energy deposited by these
interactions in the EMC impacts the measurement of   .
In order to determine the fraction of 
	
interacting in the calorimeter and the amount of energy deposited










control sample has been used. The missing
4-momentum in those events is a good estimate of the one of the 
	
. The spectrum of the missing mass
(Fig.6-5), that peaks at the   mass allows to determine the number of signal events. Performing such
a fit before any selection and after requiring a deposit of at least 100 
 .
in the calorimeter allows a
determination of the fraction of 
	
candidates that have an energy deposition in the calorimeter.
The 52% of the 
	
deposits more that 100 
 .




The distribution of the deposited energy in the EMC, (see Figure 6-6) was also compared and a very good
agreement between data and MC was found. This 
	
control sample have momenta above 1.5 -
 .
, quite
a bit higher than in secondary charm decays. No other control sample, closer to the momentum spectrum of
the 
	
of this analysis, was found. However the rate of 
	
from secondary charm decays that interact in
the EMCis 41
)
2%, not too far from the control sample ones. Then this sample can give a rough estimate
of the quality of the simulation for hadronic interaction of secondary charm decays 

 s. Therefore the




represents an estimate of
the corresponding systematic error. The effect corresponds to 1.5%.
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MINUIT Likelihood Fit to Plot 406&0
Missing mass, goodphi cut
File: data.hbook 12-APR-2002 06:01
Plot Area Total/Fit    1310.0 / 1310.0
Func Area Total/Fit    1310.0 / 1310.0
Fit Status  3
E.D.M. 1.365E-06
Likelihood =    18.8
χ2=    17.3 for  30 -  5 d.o.f., C.L.= 86.9%
Errors Parabolic                     Minos
Function  1: Histogram    306   0 No errors
NORM  0.15709 ±  7.6450E-03 -  7.6153E-03 +  7.6756E-03
Function  2: ARGUS Background
NORM  5.03837E-02 ±  8.9997E-03 -      0. +  4.5003E-02
OFFSET  -2.3451 ±   5.391 -      0. +      0.
EBEAM   520.23 ±   5.391 -      0. +      0.
EFACT  -4.2262 ±  0.6161 -      0. +   3.917





,  events: a fit to ARGUS plus a gaussian function is
superimposed.
E meas(cal) GeV






0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
Figure 6-6. Energy deposited in the EMC by   from a  

  
(,  control sample, data compared to MC
simulation (histogram).
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6.9 Branching Ratios
6.9.1 Semileptonic Branching Ratios
The exclusive semileptonic branching ratios for       decays and the corresponding hadronic mass
spectrum is crucial for the determination of the   background. Two systematic effects are considered:
  The individual branching fractions in the MonteCarlo simulations are known to differ from the most
updated world averages. This difference has been accounted for by re-weighting the events to match
the world averages (see Table 6-2). Here    refers to either non-resonant or broad    states and
the corresponding branching fraction is taken as the difference between the total semileptonic rate and
the other measured branching fractions.
  The uncertainties in the measured branching ratios and the decay model introduce systematic errors.




for branching fractions that are varied within
one standard deviation around the current measured value. The results are shown in Figure 6-7. The




measurement is taken as the systematic error
and it turns out to be 2%.
Table 6-2. Branching fractions for + , -  1K2 decays, current best measurements (as in [31] and [53]) and
values used in MC simulation, plus shift of the results due to the adjustments of the BR.




































































 3.04 ) 0.38 2.64
6.9.2 Charm decays Branching Ratios





. This effect will be different for neutral and charged  s since 

s decay mostly into charged  s





Table 6-3 lists for the  inclusive and exclusive branching ratios the current average measurements and
the values used in the MC simulation. Most important are the decay modes involving neutral and charged
kaons. Not included are decay modes of charm baryon and   . The same procedure as for semileptonic 
decays has been followed to adjust the charm branching ratios used in the MC simulation to the current best
measurements.




as a function of the variation of the exclusive branching ratios
within their experimental errors is used to estimate the systematic error due to the uncertainty in these charm




which is used to extract the systematic error, which
turns out to be 3.4%.
The inclusive
 branching fractions are considered separately. They are particularly relevant because they
affect the amount of 
	
s and   in the sample. The same technique as for the other branching fractions is




is 1.4% and it is added in quadrature with the exclusive one
in order to make the total systematics from  decays.
6.10 Binning effect
The effect of using a different binning (for     \     -  . ) in the fit and in the extraction of   	 has been
studied. Using different bin sizes and incresing the number of bins gives a systematic uncertainty of +  .
6.11 Theoretical uncertainties
6.11.1 Fermi motion
The two parameters 
  and O of the Fermi motion are varied to estimate the theoretical uncertainty. The
measurement is affected in two different ways. The fraction # 	 of accepted decays below a threshold in
the  changes (   	
e





) changes since it is very
dependent on the true   (see Fig.5-21).
Figure 6-8 shows # 	 and the theoretical uncertainty on the efficiency of the cut on   as functions of
the generated and (kinematically) fitted mass of the  system,   , above which no event is used for the
extraction of signal events. The plots use the following conventions:
  the central black line indicates the behavior of the default parameter set.
  the light (yellow) bands correspond to varying 
  in the range  % \ '   )  \     -  . [31]










The error on the efficiency is calculated by evaluating the error on       , where   is the number of events
selected for a particular parameter set and    is the number of events selected with the default parameters
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ratio(BR)








mean = 0.02621 +/- 0.00007
sigma = 0.00053 +/- 0.00005
chi2 =    0.93 
ratio(BR)










mean = 0.02511 +/- 0.00011
sigma = 0.00084 +/- 0.00008
chi2 =    0.54 
ratio(BR)









mean = 0.02572 +/- 0.00015
sigma = 0.00110 +/- 0.00011
chi2 =    1.26 
Figure 6-7. Variation of 
/
 D 
as a function of uncertainty in the exclusive semileptonic branching
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on the pole mass   (top row) and the  parameter (middle





   :<;>= and   ﬁ    . Bottom plots shows the effect on the fraction of selected events below the
4   cut.
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Table 6-3.  branching ratios, current best measurements and values used in the MC.














































ﬁ   0.0380 ) 0.0009 0.0477   ﬁ
























0.009 0.1425   ﬁ      










0.0177 ) 0.0025 0.0178   ﬁ

      0.070 ) 0.009 0.0584




















0.15 ) 0.05 0.0849   ﬁ

       

0.054 ) 0.030 0.0555


ﬁ        

0.040 ) 0.004 0.0436   ﬁ

          0.0008 ) 0.0007 0.0000


     0.00143 ) 0.00007 0.0016   ﬁ          














 0.018 ) 0.008 0.0188


      

0.011 ) 0.004 0.0287       

0.0025 ) 0.0007 0.0041


         0.0073
)
0.0005 0.0072          0.0031 ) 0.0004 0.0268


          

0.019 ) 0.004 0.0173           

0.019 ) 0.015 0.0234


             0.0004 ) 0.0003 0.0000 

           0.0021 ) 0.0004 0.0006


ﬁ   0.0677 ) 0.0025 0.0670               



















   0.018 ) 0.008 0.0260   ﬁ

  0.14 ) 0.03 0.1334


ﬁ       	 0.0012 0.0015   ﬁ     0.0730 ) 0.0037 0.0644


    0.0036 ) 0.0006 0.0000   ﬁ










 0.0031 ) 0.0015 0.0099
listed above. The relative error is shown in Figure 6-9 with a parameterization based on a fourth-order
polynomial.




are shown in Tab.6-4 for different values of 
  and O .
In order to take properly into account both these effects, the reweighting has been implemented in the models




extraction are summarized in Tab.6-4.




































 < 1.55 GeV:fitXM
 R/ R(mb) = 0.086∆
 [GeV]genXM

















 < 1.55 GeV:genXM
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 < 1.55 GeV:fitXM
 R/ R(a) = 0.021∆
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 < 1.55 GeV:genXM
 R/ R (a) = 0.016∆
Figure 6-9. Dependence of the relative error on the pole mass   (top plots) and  parameter (bottom plots)






















































































































Table 6-4. Effects of Fermi motion parameter systematics on signal efficiencies and final result.
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6.11.2 Lepton spectrum
The theoretical uncertainty due to the cut on the lepton spectrum of the signal is already taken into account
in reweighting the events for the Fermi motion theoretical uncertainty (see previous paragraph).
6.11.3 Multiplicity of the hadronic system
The efficiency for detecting a   	ﬀ  event depends also on both the charged and the neutral multiplicity
of the final state. Table 6-5 shows this efficiency for five categories of events that are defined by their charged
particle and photon multiplicities.
Since the multiplicity for    	ﬀ  events is completely unknown an alternative technique has been








is obtained separately for each of the six categories.













. This technique has a bigger
statistical error since it has less constraints. This approach is used to check that the result is consistent with








































per category on data and the comparison with the Generic Montecarlo results. The excess observed
in data seems to be due the events with 1 or 2 charged track and 1 or more neutrals in the  system.




has been also repeated using a MonteCarlo signal model with


































and it is compatible with the default one. The fit result is shown in Fig. 6-11.
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Table 6-5. Results for the multiplicity category fits.








































 0.333 ) 0.022 0.14 ) 0.05 0.26 ) 0.11















 0.383 ) 0.020 0.17 ) 0.04 0.18 ) 0.07















 0.355 ) 0.012 0.75 ) 0.12 1.24 ) 0.19


















0.05 0.04 ) 0.07














 0.249 ) 0.025 0.29 ) 0.21 0.39 ) 0.30
Total 0.345 ) 0.010 1.40 ) 0.20 2.10 ) 0.31
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Mx(GeV)











































































































































































































































Figure 6-11. DATA SIGNAL ENRICHED: 
A
fit to the 4   distribution. The non resonant signal model
is used.
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6.12 Stability checks
The stability of the result has been tested running the entire analysis with different cuts. The main cuts have
been varied and studied. In the following plots the fit results and the differences with the default fit result








cut: the results are stable (Fig. 6-12), even changing over a wide range the cut. This
implies that the background shape is well estimated since the signal over background ratio varies
sensitively within the the studied range. Plots show some disagreement when the cut becomes very








 . ). In that region the result is dominated by the uncertainties in the  
 2
 




scan shows a slope as a function of the   cut. 

scan is very stable. Many studies
were performed in order to explain and understand this effect.
First of all the theoretical systematics were studied and the scans have been produced with different
values of 
  and O parameters. In Figures 6-17, 6-18 the 












. Both these scans look flatter once the reweighting
is applied. Then the fluctuation at low   value is covered by the theoretical uncertainties.
The resolution of the reconstructed   has been also studied. An extra smearing has been added in
order to minimize the   in data-MC comparisons for   variable in the 

sample. The optimal






. Fig. 6-19 shows the   scan once
this smearing has been applied. The disagreement at high   values is highly reduced, while the fit





shift. The corresponding shift in the global measurement
(   and   ) is '   and it will be taken as an additional systematic error.
Other tests, as the simultaneous fit of the 
 
component and large variations of the semileptonic
branching ratios, did not show any striking effect on this scan.











to shift to small values (Fig. 6-14). This effect is due to a lower fraction of signal events close to the
     endpoint and it shows up also in the background subtracted lepton spectrum (see Fig. 5-63).
It cannot be explained as an underestimation of the background contribution, since the subtracted
shape does not match the background one. The Fermi motion 
 and O parameter reweighting, once
applied, cannot fix the disagreement in this spectrum.
Since the cut on 

is quite loose for this analysis, the result is not affected by this discrepancy (the
dipendency is quite flat around the cut region). More studies in the future will be required in order to
understand this spectrum.
  integrated purity: the result looks stable if the cut on the minimum (Fig. 6-15) and on the maximum
































































































Figure 6-12. Measurement of 
/ 
 D 





cut applied. The left column displays the
results with correlated errors. The right column shows the difference to the default analysis working point
with uncorrelated errors shown.
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Mx(GeV)




























































































Figure 6-13. Measurement of 
/
 D  
as a function of the 4  cut applied. The left column displays the
results with correlated errors. The right column shows the difference to the default analysis working point
with uncorrelated errors shown. Here the difference in systematic errors (assuming fully correlated systematic
































































































Figure 6-14. Measurement of 
/
 D 
as a function the cut on the lepton momentum applied. The left column
displays the results with correlated errors. The right column shows the difference to the default analysis
working point with uncorrelated errors shown.
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min integrated purity




























































































Figure 6-15. Measurement of 
/ 
 D 
as a function the minimum integrated purity. The left column displays
the results with correlated errors. The right column shows the difference to the default analysis working point
































































































Figure 6-16. Measurement of 
/
 D 
as a function the maximum integrated purity. The left column displays
the results with correlated errors. The right column shows the difference to the default analysis working point
with uncorrelated errors shown.
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Mx(GeV)




























Figure 6-17. Measurement of 
/ 
 D 
as a function of the 4   cut applied. Here the signal has been
reweighted using a      The left column displays the results with correlated errors. The right column
shows the difference to the default analysis working point with uncorrelated errors shown. Here the difference
in systemetic errors (assuming fully correlated systematic errors) is added in quadrature.
Mx(GeV)





























Figure 6-18. Measurement of 
/ 
 D 
as a function of the 4  cut applied. Here the signal has been
reweighted using a        ﬁ	 The left column displays the results with correlated errors. The right column
shows the difference to the default analysis working point with uncorrelated errors shown. Here the difference


































Figure 6-19. Measurement of 
/
 D 
as a function of the 4   cut applied. Here an additional gaussian
smearing (   ﬁ    ;>= ) has been applied to the 4   shapes models. The left column displays the results
with correlated errors. The right column shows the difference to the default analysis working point with
uncorrelated errors shown. Here the difference in systemetic errors (assuming fully correlated systematic
errors) is added in quadrature.
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  branching fractions 2.0
 branching fractions 3.7
electron id 3.5
muon id 3.8






















Total experimental error 16.3



























































































can be derived by using the branching ratio for inclusive semileptonic decays measured by



































































was added in quadrature to the experimental systematic error.









 [59] the value of 









































The error in equation 1.26 has been added in quadrature to the theoretical systematic error.
7.1 Constraints in the unitary plane


















and    confidence level allowed regions due to this measurement are
shown in Fig. 7-1.
7.2 Comments on the 
-
spectrum and the stability of the result
Fig. 7-2 shows the background subtracted   spectrum on data compared with the MonteCarlo prediction
normalized to the same area.














Figure 7-1. Constraint on the unitary triangle due to this     /    measurement. Two rings describe the  
and     confidence level and the allowed region are overlayed to the constraints due the other Standard
Model parameters. The used value of       corresponds to the world average.
Low   region (   	  \ + -  . ) is dominated by      decays and it seems to be well described.
This implies that the branching ratios are a bit larger than expected, since the total inclusive branching ratio
is higher than in MonteCarlo.
The intermediate region (  \ + -  . 	   	  \  -  . ) is populated by         and it is below the
expectation. This effect is more evident in the 

case (Fig. 5-42, 5-43).   are well described. The
 stability checks (Fig. 6-13) confirm this observation.
The region close to the charm threshold is above the expectation, once again only in the 

case. Further
studies on the 

meson showed that the excess is present only in events with one charged track and one or
more neutral particles.
The recoil of fully reconstructed  s can be used to measure the exclusive charmless semileptonic branching
ratios. In the future they will give a detailed description of the resonant structure of the   spectrum.
7.3 Comparison with the previous measurements
In Tab. 7-1 the result presented in this thesis is compared with the  	& LEP average, since the LEP exper-
iments used an inclusive approach and similar techniques. The statistical sensitivity and the experimental
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Figure 7-2. Background subtracted 4   spectrum for data compared with the MonteCarlo one.
better for this measurement. As a consequence the error due to the    events is highly reduced and the
result is less affected by both experimental resolution and decay simulation effects.
The central value is compatible with the LEP result (see Fig. 7-4).
7.4 Future improvements
This measurement is already competitive. Nevertheless improvements are still feasible.
The experimental systematic error is mostly dominated by detector effects and they could be better under-






 ) and of the

meson decay branching ratios (   ) will improve and then the related systematics will decrease. The
quite large error due to the MonteCarlo statistics will decrease as soon as more simulated events will be
available. A reasonable estimate is that the total experimental systematic error can go below   .
As far as the statistical error is concerned, PEP-II will deliver higher and higher luminosity in the next years.
By the year 2005 BABAR will have recorded an expected luminosity of 500 fb
%

. The statistical error will




This measurement technique will be only limited by the theoretical uncertainty. But even this error can be
improved. As shown in Fig. 7-2, the cleanliness of the technique allows a   spectrum measurement with
a good resolution. By adding statistics not only the integral but also the shape can be measured allowing the
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Table 7-1. Comparison of the LEP    G/    measurements with the result presented in this thesis. The method,




2 and the systematic
uncertainty due to theoretical uncertainty are given.
Exp. Method S/B  	& [  
%








ALEPH [36] Neural Net 0.07 % \  	 )  \ + + )  \ + 	 )  \       
OPAL [37] Neural Net 0.05 % \   )  \ +  )  \    )  \ %       
DELPHI [39]  0.10 % \ ,+ )  \ +   )  \ % + )  \    	   
L3 [38]   '  Cut 0.22   \ + )  \  )  \  )  \   		   
LEP[31] Average % \   )  \  + )  \ %(% )  \  %  '   







































extraction of the theoretical parameters 
  and O , reducing the uncertainty due the extrapolation to the full
spectrum.










 (i.e. on the virtual = invariant mass) and a cut on   should decrease the theoretical




for different cuts on


. The results are stable. Because
of the limited statistics, the total error is not as good as the one with a cut on the only   variable.
Finally, the present measurement of   on the recoil of fully reconstructed  s could be used to perform a
 	& measurement less dependent on the shape function using a combination of the   spectrum and the
photon spectrum in    decays [58]. This method requires the deconvolution of the   spectrum, and
it should feasible since the resolution on the   reconstruction presented in this thesis is quite good.
.
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Q^2(GeV^2)




























































































Figure 7-3. Measurement of 
/
 D 
as a function of the  A cut applied. The left column displays the results
with correlated errors. The right column shows the difference to the default analysis working point with
uncorrelated errors shown. Here the difference in systematic errors (assuming fully correlated systematic
errors) is added in quadrature.
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ubV









Figure 7-4. This measurement compared with the existing ones.
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A.1 Sub-mode labeling
This subdivision and ranking leads to a high number of possible reconstruction channels. The labeling
convention is the following:
	











identifies the ”  ” system. Table A-1 summarizes the possible modes.
  the apex (  ) indicates the decay mode in which the  meson is reconstructed. Table 4-3 lists the
modes that have been considered.









that there is an even one. The latter two












can be due to      or      decays.
  the last index (  ) is needed to specify the invariant mass submode, the possible options depend on the
mode and will be detailed in the next section.
A.2 Categorization of the reconstructed modes
The categorization was performed in the following way:
  since the reconstruction takes a long while to be performed, only a fraction of the data was analyzed
(20 fb
%
 ) in order to set cuts and categories




 decays were then used (the cleanest one,
as shown in the figures A-1), assuming that the structure of the  system does not depend on the 
meson. Sometimes just the             mode was studied in order to assure the highest
purity.
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Table A-1. Identified modes for   . h identifies either a charged pion or a charged kaon.

































































































































































































Table A-2. Masses and widths of the particles relevant to this study
In following subsections the results for the full sample (80 fb
%
 ) are shown. For some modes the result of
the optimization excluded regions of the phase space. For those modes the plots for the reduced sample used
for the optimization (20 fb
%
 ) are also shown.
This optimization and categorization has been performed using the data given the fact that MonteCarlo is not
expected to reproduce branching ratios and composition of the high multiplicity modes. The MonteCarlo
has been used to check that the efficiency scaled with multiplicity as expected and to look for reconstruction
mistakes. It must be stressed that the purpose of this technique is to collect the highest possible number of
reconstructed  candidates. Moreover the study of the recoil does not depend on the fully reconstructed
DANIELE DEL RE
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(   + \ 	 )  \ 	 #    , Z ) %    )
Table A-3. Branching Fractions mentioned in this section.
side efficiency, since the results can be normalized to the number of reconstructed  s, regardless of the
luminosity. In summary, the knowledge of the reconstruction efficiency is not mandatory.
Table A-3 summarizes the branching fractions mentioned in this section.
A.2.1 V W 
 











is around 8% [47]. Figures A-1 and A-2 show the distribution of 
  for the four







A.2.2 V W 
 





system is shown in figure A-3 for 















still have a very large error [48] and cannot clarify the presence of the non-resonant
component, that here seems to be negligible. In the   

mode the    resonance is clearly visible, but
there is room for other components.
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 [GeV]ESm















S = 8055.0 +/-  94.7
B =  530.3 +/-  36.4
m =    3.00
s = 5280.00 
 [GeV]ESm
















S = 20443.9 +/- 274.5
B = 43900.7 +/- 315.3
m =    3.00
s = 5280.00 
 [GeV]ESm
















7000 S = 18032.1 +/- 187.7
B = 11453.3 +/- 178.6
m =    3.00
s = 5280.00 
 [GeV]ESm
















14000 S = 34265.3 +/- 249.8
B = 21129.7 +/- 224.7
m =    3.00
s = 5280.00 
Figure A-1.   distributions for the  

modes. Top left: +  ,   

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S =  764.4 +/-  30.4
B =  121.1 +/-  14.0
m =    3.00
s = 5280.00 
















S = 3063.8 +/- 176.8
B = 15946.3 +/- 259.3
m =    3.00
s = 5280.00 
















S = 1687.1 +/-  83.6
B = 4602.5 +/- 102.3
m =    3.00
s = 5280.00 
 [GeV]ESm















S = 3720.7 +/- 138.8
B = 11097.7 +/- 193.6
m =    3.00
s = 5280.00 
Figure A-2.    distributions for the  

modes. Top left: +  ,   


















decay modes. These results correspond to
80 fb 
 F of data.
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MX (GeV)










mx recoil, mode = 13003
mxfitall13003
Nent = 18833  
Mean  =  1.093
RMS   = 0.5891
Under =      0













mx recoil, mode = 13004
mxfitall13004
Nent = 718    
Mean  =  1.293
RMS   = 0.5809
Under =      0
Over  =      0
Integ =  718.6
 (b) 
Figure A-3. 4   distribution in data for the a)      and b)      modes with properly normalized
background (hatched histogram), as evaluated from sidebands.   - is considered in order to ensure the
cleanest environment. The statistics corresponds to 80 fb 
 F .
A.2.3 V W    
There are several possible combinations of the three hadrons into pions or kaons depending on the number
of kaons present in the X system and the sign correlation between the kaon and the  meson:
a) only pions




 decays, but they are
quite suppressed.












decays would populate this
mode
d) 1 kaon with same charge of the   . No relevant physics is possible here
e) 2 kaons with same charge. No physics is really expected here and none is indeed found.
f) 3 kaons. No physics is really expected here.
All the possibilities of the above list were tested. Cases d, e did not show any relevant contribution as
expected and are excluded in the reconstruction.
The distribution of   is shown in Fig. A-4 and A-7 for the first three cases.
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0 0.5 1 1.5 2 2.5 3
 (a) 
MX (GeV)









mx recoil, mode = 13009
mxfitall13009
Nent = 14429  
Mean  =  1.383
RMS   = 0.3256
Under =      0













mx recoil, mode = 13010
mxfitall13010
Nent = 3633   
Mean  =  2.125
RMS   = 0.5872
Under =      0
Over  =      0
Integ =   3633
 (c) 
Figure A-4. a) 4   distribution for the     on the reduced sample (20 fb-1). Only   ,      ,  
is plotted. b)     and c)         . For the last two plots the statistics correspond to 80 fb 
 F and all  
modes are added up. All plots show the properly normalized background (hatched histogram), as evaluated
from sidebands.
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  When only pions are present, the
O
 (see Tab. A-2 for details) is clearly visible, but there is a significant
contribution at higher masses. There is a large contribution above 1.4 
 . (non-resonant contribution
and    (see Tab. A-2)). There is also a narrow structure around the  







  (see Tab. A-3). Above 2 -  . just a small amount of signal is present but
the combinatoric background is very large, especially for the dirty  meson modes.
In order to further investigate this interpretation Fig. A-5 shows the invariant masses plots of pairs of
tracks in the  system for the
O
 (   	  \   @ 	, ) and the    (  \   -  . 	  	 	 \ @ 	  ) regions
separately. While the
O
 Dalitz plot clearly shows a  signal, the    shows both the #  and the  as
expected from the decays of the    (Tab. A-3).
  when 1 kaon is present, there are hints of
   





Fig. A-6 shows the plot of the invariant masses of pairs of tracks: the  

  is evident, the  
component is visible.
  when two kaons are present, the
 

signal is large, at the right mass and with a resolution of 10

 . (see Fig. A-7). The rest might just be combinatorics, although two other structures might be
interesting: the one at about 1.6 -
 . (   + '   ) and the one at 2.6 -  . . In order to investigate these





mass distribution (Fig. A-8c) shows both the  and the   + '   . A hint around 1250   . could be






invariant mass distribution (Fig. A-8b) shows the    resonance and a
structure at 1200 
 .
which does not match any known particle. Another narrow structure is present
around 1400 
 .





. The plot shows also the


mass that implies the





 decay. The same plots for the 


mass region are shown in Fig. A-9
and the confirm the presence of these structures. From the scatter plot it looks like that both are a
reflection of the
























  and also non resonant

    . Other structures need more statistics and dedicated exclusive studies in order to be verified.








  	 depending on whether   is smaller than 1.5 -
 .






















if   is in a window of 30 
 .









(or c.c.) mass is below 1.1 -  . and    otherwise.
A.2.4 V W 
   

The distribution of   is shown in fig A-10 for the case where h is a pion and for the case where it is a
kaon. Only the O  resonance is evident.
The submodes chosen are the following:
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Mh1h2, mode = 13009
 (c) 
M(pipi) (GeV)












Mh1h2, mode = 13036
 (d) 






scatter plots for the three pions system for the mass region around the a)  F
( 4   &ﬁ        ) or b) the 
A
( ﬁ     4            ). The top plots show the two combinations one
against the other, while the bottom plots (c and d) show them altogether. Bottom plots show also the properly
normalized background (hatched histogram), as evaluated from sidebands.
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mx recoil, mode = 13010
 (b) 
M(pipi) (GeV)












mx recoil, mode = 13010
 (c) 
Figure A-6. Plots for the      mode. a) 4   4 scatter plots. b) 4  invariant mass. c) 4
invariant mass. b) an c) plots show the properly normalized background (hatched histogram), as evaluated
from sidebands.
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mx recoil, mode = 13011
 (a) 
MX (GeV)









mx recoil, mode = 13011
 (b) 
Figure A-7. a) 4   distribution for the      modes. The right plot (b) is zoomed around the  
D
mass.
The statistics correspond to 80 fb 
 F and all   modes are added up. The plots show the properly normalized










  	 depending on whether   is smaller than 1.5 -
 .













  	 depending on whether   is smaller or greater than 2.2 -
 .
.







decays a large fraction of the events is made of       

as shown in A-11, where the






is displayed and the   mass is clearly visible. Events within the  
mass window are then treated separately. Fig. A-12 shows the   variable for the case where h is always
a pion both for the events within the   mass window and the remaining events. The cases where there is an
odd number of kaons and the case with an even number of kaons are shown in Fig. A-13 .
  In the events with only pions no resonances are visible. Resonant substructures in the invariant masses
of the pairs of pions were then investigated. Fig. A-14a shows that there is evidence for  mesons, but
the separation is not good enough to be used for discrimination.
  In the events with one kaon no structure is seen and there is no significant signal.




is visible. The  

mass is broad because the














mode was studied, looking at the recoil
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mx recoil, mode = 13011
 (b) 
M(KK) (GeV)









































 mode: a)    
 invariant mass, b)    
 -    
 scatter plot, c)    





 invariant mass and d)    
 invariant mass. b) and c) plots show the
properly normalized background (hatched histogram), as evaluated from sidebands.
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Mh2h3, mode = 13011
 (b) 
M(KK) (GeV)








Mh1h2, mode = 13011
 (c) 






 mode in the 

D
mass region: a)    
 invariant mass, b)    
 -    

scatter plot, c)    
 invariant mass versus the  
    
 invariant mass and d)    
 invariant mass. b)
and c) plots show the properly normalized background (hatched histogram), as evaluated from sidebands.
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0 0.5 1 1.5 2 2.5 3
 (a) 
MX (GeV)











mx recoil, mode = 13007
mxfitall13007
Nent = 17378  
Mean  =  1.455
RMS   = 0.3577
Under =      0













mx recoil, mode = 13008
mxfitall13008
Nent = 2338   
Mean  =  2.109
RMS   = 0.5768
Under =      0
Over  =      0
Integ =   2338
 (c) 
Figure A-10. 4   distribution for the a)       for the reduced sample (20 fb 
 F ), only   ,      ,
  is plotted. Plots for the full sample (80 fb 
 F ): b)       mode c)       mode. All   modes are
added up for the last two plots. All plots show the properly normalized background (hatched histogram), as
evaluated from sidebands.
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 m = 0.784 +/- 0.002  





















0.5 0.6 0.7 0.8 0.9 1 1.1
Figure A-11. a) 4  distribution for the        mode for the reduced sample (20 fb 
 F ). The properly
normalized background (hatched histogram), as evaluated from sidebands, is also shown. b) the    
  
invariant mass (2 entries per event) showing the   mass resolution
MX (GeV)







mx recoil, mode = 13012
mxfitmode13012
Nent = 4935   
Mean  =  1.645
RMS   = 0.4682
Under =      0
Over  =      0
Integ =   4935
 (a) 
MX (GeV)











mx recoil, mode = 13040
mxfitmode13040
Nent = 5489   
Mean  =  1.858
RMS   = 0.2577
Under =      0
Over  =      0
Integ =   5490
 (b) 
Figure A-12. 4   distribution for the a)       and b) all the remaining        in the full sample
(80 fb 
 F ). The properly normalized background (hatched histogram), as evaluated from sidebands, is also
shown.
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MX (GeV)







mx recoil, mode = 13013
mxfitmode13013
Nent = 1300   
Mean  =  2.578
RMS   = 0.3928
Under =      0
Over  =      0
Integ =   1300
 (a) 
MX (GeV)








mx recoil, mode = 13014
mxfitmode13014
Nent = 1633   
Mean  =  2.559
RMS   = 0.3535
Under =      0
Over  =      0
Integ =   1633
 (b) 
Figure A-13. 4   distribution for the a)             and b) the        modes in the full sample
(80 fb 





































M KKpi, mode = 13014
 (b) 
M(KK) (GeV)










M KK, mode = 13014
 (c) 
Figure A-14. a) Correlation between 4 
    and 4 
     in the      mode, b)    
  invariant mass
and c)    
 invariant mass in the    
    mode. For b) and c) the properly normalized background
(hatched histogram), as evaluated from sidebands is also shown.
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mass having removed the  


























candidate in a 60 
 .









  	 depending on whether   is smaller than 1.6 -
 .
or between 1.6-2.2 -
 .




















 depending if   is in a window of 200 
 .
























A.2.6 V W      

The distribution of   is shown in fig A-15 for the case where h is always a pion, the case where there is
an odd number of kaons and the case with an even number of kaons. No resonances are evident.
MX (GeV)







mx recoil, mode = 13019
mxfitmode13019
Nent = 18551  
Mean  =   2.66
RMS   = 0.3293
Under =      0












mx recoil, mode = 13020
mxfitmode13020
Nent = 4112   
Mean  =  2.703
RMS   =  0.307
Under =      0
Over  =      0
Integ =   4112
 (b) 
MX (GeV)










mx recoil, mode = 13021
mxfitmode13021
Nent = 713    
Mean  =  2.775
RMS   = 0.2559
Under =      0
Over  =      0
Integ =    713
 (c) 
Figure A-15. 4   distribution for the a)        , b)               and the        modes (80
fb 





























  	 depending on whether   is smaller or greater than 2.2 -
 .
.
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 depending if   is in a window of 200 
 .
























A.2.7 V W   
 
The distribution of   is shown in fig A-16 for the case where h is always a pion, the case where there is
an odd number of kaons and the case with an even number of kaons. When no kaon is present the signal is
fairly evident, and there are several substructures. The mode with one kaon shows small signal, while the
mode with two kaons shows a signal around 2 -
 .
.




























  	 depending on whether   is above or below 2.7 GeV.
A.2.8 V W     

The distribution of   is shown in fig A-17 for the case where h is always a pion, the case where there is
an odd number of kaons and the case with an even number of kaons. The peak at 2.2 -
 .
for the case with
only pions is hard to interpret an it is present both on signal and sideband regions. No structure has been
found and these modes are good candidates for being dropped.































  	 depending on whether   is above or below 2.5 GeV.

















The modes with a 

 in there can be distinguished for their additional content in kaons.




















decays and are much larger.
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mx recoil, mode = 13022
mxfitmode13022
Nent = 280    
Mean  =  2.472
RMS   = 0.4382
Under =      0
Over  =      0
Integ =  280.4
 (a) 
MX (GeV)











mx recoil, mode = 13023
mxfitmode13023
Nent = 228    
Mean  =  2.577
RMS   = 0.3678
Under =      0
Over  =      0
Integ =  228.5
 (b) 
MX (GeV)











mx recoil, mode = 13024
mxfitmode13024
Nent = 927    
Mean  =  2.819
RMS   = 0.2635
Under =      0
Over  =      0
Integ =    927
 (c) 
Figure A-16. 4   distribution for the a)     , b)      and c)the       modes (80 fb 
 F ). Only


,   is considered in order to ensure the cleanest environment. The properly normalized background
(hatched histogram), as evaluated from sidebands is also shown.
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0 0.5 1 1.5 2 2.5 3 3.5
 (c) 
Figure A-17. 4   distribution for the a)       , b)        and the         modes. The properly
normalized background (hatched histogram), as evaluated from sidebands is also shown. Only   ,   is
considered in order to ensure the cleanest environment. Statistics corresponds to the reduced sample (20
fb 
 F ).
  no real physics process is expected for the case where more than two kaons are present in the 
system and they are therefore ignored
The modes with two 

 are lumped altogether (mode       
o
)

















peak is evident.    


  is fully dominated by the 


component. For these two modes, since





































  	 depending on whether   is above or below 1.8 GeV.
The modes with two  

are shown in Fig. A-19. Since no significant structure is observed, only one










 if  is between 1.8 and 2.2 -
 . (loose  

window).
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MX (GeV)











mx recoil, mode = 13005
mxfitall13005
Nent = 453    
Mean  =  1.444
RMS   = 0.5981
Under =      0
Over  =      0
Integ =    453
 (a) 
MX (GeV)









mx recoil, mode = 13006
mxfitall13006
Nent = 224    
Mean  =   1.81
RMS   = 0.4468
Under =      0
Over  =      0
Integ =    224
 (b) 
MX (GeV)










mx recoil, mode = 13015
mxfitall13015
Nent = 1476   
Mean  =  2.111
RMS   = 0.5883
Under =      0
Over  =      0
Integ =   1476
 (c) 
MX (GeV)







mx recoil, mode = 13016
mxfitall13016
Nent = 683    
Mean  =  2.259
RMS   = 0.4519
Under =      0
Over  =      0
Integ =    683
 (d) 
Figure A-18. 4  distribution for a) the      , b) the      , c)        and d) the       
modes. The properly normalized background (hatched histogram), as evaluated from sidebands is also shown.
Only   ,   is considered in order to ensure the cleanest environment. Statistics corresponds to 80 fb 
 F .
CATEGORIZATION OF THE SEMI-EXCLUSIVE MODES







          10001
             87
  1.186
 0.3136
     0.
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  1.412
 0.2310
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0 0.5 1 1.5 2 2.5 3
 (b) 
Figure A-19. 4   distribution for a) the          , b) the          modes.The properly nor-
malized background (hatched histogram), as evaluated from sidebands is also shown. Only   ,   is
considered in order to ensure the cleanest environment. Statistics corresponds to the reduced sample (20
fb 
 F ).












if   is between 1.9 and 2.1 -













if  is between 1.9 and 2.1 -








 is requested to be between 1.8 and 2.2 -
















As mentioned in the section 3.3.3 the 
 
















. This was done in order to avoid duplicates, since the same candidate


















. An additional mode has to be added











 candidates that satisfy a simply




to be compatible with
 
     

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0 0.5 1 1.5 2 2.5 3
 (a) 









0 0.5 1 1.5 2 2.5 3
 (b) 







0 0.5 1 1.5 2 2.5 3
 (c) 







0 0.5 1 1.5 2 2.5 3
 (d) 
Figure A-20. 4  distribution for a) the       , b) the        , c)         and d)
the          modes. The properly normalized background (hatched histogram), as evaluated from
sidebands is also shown. Only   ,   is considered in order to ensure the cleanest environment. Statistics
corresponds to the reduced sample (20 fb 
 F ).
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